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Preface to Second Edition 


Understanding Electronics was originally written as a basic guide for home 
builders of electronic circuits with a particular emphasis on components, 
how they work, and how they go together to make complete circuits. The 
aim was to make circuit diagrams more understandable and also set down 
the “facts and figures” to undertake original circuit design, or to design 
simple basic circuits from scratch. 

Judging by reader response, it has succeeded in this and has also raised 
many further queries and problems. The second edition has been expanded 
to cover these and other subjects, to increase both the scope and usefulness 
of the book. At the same time the opportunity has been taken to revise and 
update as necessary all the original material retained. 

In particular, the not-so-expert electronic hobbyist should find the new 
Chapters 15 and 16—Transistor Characteristics and a Basic Guide to 
Selecting Transistors—especially helpful and worth studying in some de¬ 
tail. There are also new chapters on amplifiers and oscillators, again 
expanding the coverage of the original book, and more information on 
power supplies, particularly those designed for high-voltage applications. 
And, for good measure, a chapter introducing the subject of microproces¬ 
sors has been included together with a considerable number of new illus¬ 
trations and circuit diagrams. 
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Introduction 

If you find electronics difficult to understand—then you are among the vast 
majority! One good reason for this is that you cannot “see” how electronic 
circuits work—only switch them on and hope that they do work. So home 
construction of electronic circuits may seem something of a gamble, not 
helped by the fact that the “plans” are usually in the form of theoretical 
circuit diagrams with components designated by symbols instead of their 
physical shape and size, and quite probably in nothing like the arrangement 
they will appear on a practical working circuit. 

Take heart at this point! In at least nine cases out of ten, if a circuit built 
to a published plan does not work, it will be for one of two simple reasons: 
either poorly made connections or wrong connections. The only mystery 
about that is that it happens—even to experts. 

The study of electronic circuits is a study of electronic components and 
how they behave when connected together in various ways. This book sets 
out to explain just that, in simple easy-to-understand fashion, without any 
difficult mathematical calculations or theoretical explanations—what they 
are, what they look like, what they do, and what sort of circuits they are 
used in. A basic groundwork in the practical side of simple electronics—and 
the subject can be quite simple. And to make the subject more realistic, 
there are fifty-one suggested working circuits to build, or experiment with. 

There is still the question of how to read and understand circuit 
drawings, and turn them into practical working circuits, so separate chap¬ 
ters are devoted to these two particular subjects. There is also a chapter on 
printed-circuit construction. 

Since most simple electronic circuits are battery powered, the subject 
of different battery types and their performances is also covered in some 
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detail. Also included are circuits for building a battery charger, either to 
operate off the mains or from a car battery. 

Understanding Electronics should be an excellent starter for anyone 
wanting to take up practical electronics as a hobby interest—and an ideal 
reference to back up, and make it easier to understand, the types and 
construction of more elaborate circuits described in rather more advanced 
books, monthly journals, and so on. It should prove invaluable as a source of 
information which has been left out of other electronic books on the author’s 
assumption that “everyone should know that.” In fact, such books are often 
described as “too technical” or “too advanced. ” So this present book should 
fill that particular gap. 
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Chapter 1 



Units, Abbreviations, and Symbols 

In electronics there are seven basic units to measure quantities which 
define what is going on in a circuit. These are (together with the letter 
symbols used as abbreviations): 

Volts (V)—a measure of the potential, cmf (electromotive force), or 
voltage in a circuit. For practical purposes, potential difference, emf 
and voltage all really mean the same thing. 

Amps (A)— a measure of the current flowing in a circuit. 

Watts (W) —a measure of the power developed by the flow of current 
through a circuit. 

The other four refer to the effect of components in the circuit, viz: 

Ohms (O)—a measure of the resistance or individual resistances in a 
circuit when the current flow is direct (dc). 

Impedance (Z)— a measure of the effective resistance or individual 
resistances in a circuit when the current flow is alternating (ac). 
Farads (F)— a measure of the capacitor present in a circuit or produced 
by individual components, i.e., capacitors. 

Henrys (FI)—a measure of the inductance present in a circuit or 
produced by individual components such as coils. 

Reactance (X)—the combined effect of inductance and capacitance in 
an ac circuit. 

Capital letters are also used as abbreviations for voltage and current. 
Strictly speaking E (for emf) is the correct symbol for a voltage source, with 
V (for volts) in other parts of the circuit. V. can be used instead of E for a 
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source voltage. The capital letter I is used for current. In some circuits 
lowercase letters are used to indicate voltages and currents flowing in 
different parts of a circuit, e.g., v and i, respectively. These may have a 
reference annotation attached, particularly in the case of transistor circuits, 
e.g., v , describing emitter voltage. 

The relationship between units is explained in Chapter 3. There are 
also various other units employed in electronics, the use and meaning of 
which will be made clear in appropriate chapters. 

In practical circuits, numerical values of these units may be very large, 
or very small. Resistance values, for example, may run to millions of ohms. 
Capacitor values may be in millionths or even million-millionths of a farad. 
To avoid writing out such values in full, prefixes are used to designate the 
number associated with the particular value involved. Again the symbol 
rather than the full prefix is normally used: 

mega (M)— meaning times 1,000,000 

kilo (k)— meaning times 1,000 

milli (m)— meaning divided by 1,000 (or 1/1,000th) 

microig.)— meaning divided by 1,000,000 (or 1/1,000,000th) 

nano (n)— meaning divided by 1,000,000,000(or 1/1,000,000,000th) 

pica (p)— meaning divided by 1,000,000,000,000 (or 

1/1,000,000,000,000) 

For example, instead of writing out 22,000,000 ohms in full, this would be 
shown as 22 Mohms, or, more usually 22 Mft, using symbols both for the 
prefix and basic unit. Similarly a capacitor value of 0.000,000,000,220 
farads would be shown as 220 picaF, or, more usually 220 pF. 

The multipliers (M and k) are most commonly associated with values of 
resistors, and also for specifying radio frequencies. The lowest divisor (m) is 
most usually associated with the values of current typical of transistor 
circuits, etc. It is also used to specify most practical values of inductances. 
The larger divisors (jjl, n and p) are most commonly associated with 
capacitor values. 

Single capital letter abbreviations are also used for components. The 
main ones are: 

C—for capacitors 

D—for diodes (also sometimes CR) 

L—for coils 
R—for resistors 

These are all standard and universally accepted abbreviations. With other 
components this is not always the case. Thus transistors may be designed 
T, TR, Tr, VT or even Q on circuits originating from different sources. The 
use of TR, Tr, or Q is preferred, leaving the letter T as the abbreviation for 
transformers. Note the abbreviation FET (or fet) is used for a field-effect 
transistor in text although it may be “Q” in diagrams. 
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In practical circuits, more than one of the same type of components are 
normally used. Individual components of the same type are then designated 
by numbers (usually reading from left to right across the circuit) associated 
with the component symbol (Fig. 1-1) (see also Chapter 3). Thus resistors 
would be designated Rl, R2, R3; capacitors Cl, C2, C3, . . . and so on. 
There is no correct or specific sequence in which such numbers are 
allocated. They are there only to identify a particular component. 


I — or — AAA— 

fixed value resistor 



variable resistor (potentiometer) 


—Ih- -41- -01- 

capacitor electrolytic 

capacitor 

— v. 0 0 Q j — M 

coil diode 


-y£- -y£- 

variable trimmer 

capacitor capacitor 

loudspeaker earth battery 


Fig. 1 -1. Symbols for basic circuit components. Other symbols are given in later 
chapters. 


Here are some other general abbreviations which are widely used, 
although again they may be shown in various different ways—capital let¬ 
ters, or lowercase letters in upright or italic, with or without periods. Thus 
the abbreviation of alternating current may appear in five different ways: 

AC a.c. a.c. ac ac 

The general preference is that all such abbreviations should be in lower¬ 
case without periods, and so the following abbreviations are shown that 
way: 

ac—alternating current 
af—audio frequency 
age—automatic gain control 

am*—amplitude modulated (or amplitude modulation) 
dc—direct current 
eht—extra high tension 

fm*—frequency modulated (or frequency modulation) 

hf—high frequency 

ht—high tension 

ic—integrated circuits 

if—intermediate frequency (also i-f) 

if—low frequency 
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rf—radio frequency 
uhf—ultra high frequency 


vhf—very high frequency 

’There is a good reason for retaining capital letters for these abbreviations 
as AM and FM radios are widely quoted in this way. 
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Chapter 2 



Dc and Ac 


A basic direct current (dc) circuit is simple enough to understand. A source 
of electrical force (such as a battery) is connected via wires to various 
components with a return path to the source. Current then circulates 
through the circuit in a particular direction. Figure 2-1 shows a very 
elementary circuit of this type where a battery is connected to a dc electric 
motor and is compared with a similar closed loop hydraulic motor in a 
simple recirculating system. 

It is obvious what happens in the hydraulic circuit. The pump is a 
source of pressurized water which impinges on the vanes of the hydraulic 
motor to drive it. There is a flow of water around the system. At the same 
time there will be some loss of pressure energy due to friction of the water 
flowing through the pipes and the motor. This is the resistance in the 
circuit. But most of the pressure energy delivered by the pump is converted 
into power by the hydraulic motor. 

In the electrical circuit counterpart, the battery is a source of electrical 
pressure (which in simple terms we designate voltage). This forces an 
electrical current to flow through the circuit, opposed by the resistance 
offered by the wiring and the electric motor coils. Again, most of the 
original electrical energy in the battery is converted into power by the 
electric motor. Provided the battery voltage does not change, a constant 
value of current will flow through the circuit always in the same direction, 
and the electric motor will continue to run at a constant speed. 

Conventionally, dc current flow is regarded as being from “positive” to 
“negative” of a battery or any other dc source (such as a dynamo). It is a 
stream flow, just like the water flow in the hydraulic circuit, but the stream 
is actually composed of sub-atomic particles or electrons. Unfortunately, 
after convention had established the “positive to negative” flow definition, 
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v — 

1 hydraulic * 


electrical circuit hydraulic circuit 

Fig. 2-1. An electrical circuit is similar to a hydraulic circuit. 

it was found that this electron stream flow was actually from negative to 
positive. This does not matter for most practical purposes, but for an 
understanding of how transistors and other solid-state devices work it is 
necessary to appreciate this “reverse” working. 

“Positive” always seems stronger than “negative,” so it is difficult to 
think of current as flowing other than from positive to negative. We can 
relate this to electrons flowing from negative to positive by thinking of 
electrons as particles of negative electricity. Being “weaker” (negative), 
they represent a “reverse flow,” setting up conditions for a positive flow of 
current from positive to negative. Otherwise, simply forget the difference 
and work on the practical fact that + and — are only terms of convenience 
used to ensure that components in a circuit which have positive and 
negative sides are connected up correctly. This applies mainly to batteries, 
transistors, diodes, and electrolytic capacitors. 

All materials are composed of atoms in which there is a stable balance 
of positive and negative charges (except in the atoms of radioactive ele¬ 
ments). The application of an electrical pressure will cause electrons to be 
displaced from the atom, leaving it with an effective positive charge. It is 
then in a state to attract any stray electrons. Since there is electrical 
pressure present, this means that there will be a movement of electrons 
along the chain of atoms comprising the wiring and component(s) in the 
complete return circuit. It is this movement that constitutes the electric 
current flowing through the circuit, the strength of the current being 
dependent on the number of electrons passing any particular point in the 
circuit in a given time. Break the circuit and the pressure is broken, so 
current flow ceases. So, in fact, the analogy with a hydraulic circuit is not 
really valid in this instance (the hydraulic pump will still deliver water 
under pressure if its circuit is broken until it has emptied the fluid in the 
circuit between the break and the pump). 

Atoms of materials like metals will give up electrons readily when 
subject to electrical pressure, and so make good conductors of electricity. 
Atoms of most non-metals, including plastics, are reluctant to give up 
electrons even under high electrical pressure, and so are essentially non¬ 
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conductors. If extremely resistant to giving up atoms, they are classified as 
insulators. 

Summarizing, then, a dc circuit when connected or switched on pro¬ 
vides a constant flow of current in one direction through the circuit as in Fig. 
2-2 unless something changes in the circuit (e.g., source voltage changes, 
or a circuit resistance value alters). The value of this current is determined 
by the source voltage and the total resistance in the circuit (see Chapter 3). 
Current flow is also regarded as positive (or positive current). 



Fig. 2-2. Direct current flow with constant circuit resistance. 

In the case of an ac circuit, the source of electrical pressure continually 
reverses in a periodic manner. This means that current flows through the 
circuit first in one direction (positive) and then the other (negative). In 
other words, a simple graph of current flow with time will look like Fig. 2-3. 
The swing from maximum positive to maximum negative is known as the 
amplitude of the ac current. Also one complete period from zero to 
maximum positive, back to zero, down to maximum negative and back to 
zero again is known as a cycle. These cycles may occur at varying rates from 
a few times a second to millions of times a second and define the frequency of 



Fig. 2-3. Alternating current flow is in "cycles” of positive and negative current. 
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the ac current, frequency being equal to the number of cycles per second. In 
the case of the domestic mains supply (in Britain), for example, the fre¬ 
quency is 50 cycles-per-second, or 60 cycles-per-second in the U. S. But 
cycles-per-second is an obsolete term. It is now called hertz (abbreviated 
Hz). Thus standard mains frequency is 50 or 60 Hz. 

Apart from the fact that ac is continually swinging from positive to 
negative current flow, the other difference compared with dc is that the 
actual current value present is also changing all the time. It does, however, 
have an “average” value which can be defined in various ways. The usual 
one is the Root Mean Square (or rms), which is equal to 0.7071 times the 
maximum cycle values for sine wave ac such as normally generated by an 
alternator, Fig. 2-4. Alternating current may, however, be generated with 
other types of waveform. 



Fig. 2-4. Peak and Root Mean Square (rms) values of amplitude defined and 
compared. 


Another characteristic of ac is that both the voltage and current are 
continually changing in similar cycles. Only rarely, however, will the 
voltage and current both attain maximum and zero values at exactly the 
same time. In other words the current (waveform) curve is displaced 
relative to the voltage (waveform) curve, Fig. 2-5. This displacement is 
known as a phase difference. It is normally expressed in terms of the ratio of 
the actual displacement to a full cycle length on the zero line, multiplied by 
360 (since a full cycle represents 360 degrees of ac working). This is called 
the phase angle. Usually the current will “peak” after the voltage (i.e., be 
displaced to the right of the diagram), whereupon the current is said to be 
lagging and the phase angle is referred to as angle of lag. 

The use of the term “angle” can be a bit confusing at first. It is really a 
matter of mathematical convenience, useful in more complicated calcula¬ 
tions involving vector diagrams. For a general understanding of ac it is 
better to think of angle as meaning a particular “number point” on a line 
length representing one full cycle divided into 360 divisions. Thus a phase 
angle of 30 degrees can be understood as a point 30/360ths along that line. 
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Fig. 2-5. Current usually “lags” behind voltage in an alternating current circuit. 

Phase difference (phase angle) can be an important factor in the design 
and working of many alternating current circuits because when a current 
“lags” (or “leads”) the voltage, the timing aspects of a circuit are affected. 
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Chapter 3 



Basic Circuits and Circuit Laws 

As noted in Chapter 2, the current which flows in a simple dc circuit is 
dependent on the applied voltage and the resistance in the circuit. Voltage 
can be measured directly by a voltmeter placed across the battery (or dc 
source) terminals; and current by an ammeter connected in series in the 
circuit, as in Fig. 3-1. This diagram also shows the circuit components in 
symbolic form (in the case of a resistor this can be drawn as a plain rectangle 
or a zig-zag line). 

OHM’S LAW 

The relationship between voltage (E), current (I) and resistance (R) is 
given by Ohm’s law: 



R 


In plain language: 


amps — 


_ volts _ 

resistance in ohms 


or the formula can be rewritten: 


volts = amps x ohms 



Fig. 3-1. Basic dc circuit drawn in two ways, with meters for measuring current 
and voltage indicated. 


This is one of the most basic and most useful laws of electronics and is 
equally applicable to ac circuits which are purely resistive (i.e., do not have 
additional “resistance” effects produced by the current being alternating 
rather than steady). 

Ohm’s law makes it possible to calculate (and thus design) the perfor¬ 
mance of a simple dc circuit. For example, suppose we need a current of 200 
milliamps (mA) to flow in a particular circuit to be powered by a 6-volt 
battery. Using Ohm’s law, the corresponding circuit resistance required to 
give this current can easily be worked out: 

, volts 6 

ohms = -=- 

amps 0.200 

= 30 ohms. 

Components are connected by wires, but the resistance of wiring is small 
enough to be negligible. Thus in a simple dc circuit it is the effective total of 
all the resistor values and other components which offer resistance. Just 
what this total value is depends on how the various resistors which may be 
present are connected—see Chapter 4. 

In some cases it is easy to calculate the resistance of a typical load. For 
example, a flashlight bulb is usually rated by volts and the current it draws. 
Ohm’s law can then be used to find its nominal resistance. For example, if a 
bulb is rated at 6 volts and 50 mA, from Ohm’s law: 

0 

Resistance =-= 120 ohms. 

0.05 

There is just one snag to this method of estimating load resistance. With 
filament bulbs, for example, the specified current drawn refers to the bulb 
in “working” conditions with the filament heated up. Its actual resistance 
initially when the filament is cold can be considerably lower, drawing more 
current through the bulb. This may, or may not, be a disadvantage in a 


particular circuit. Also, there are other types of load, like dc electric 
motors, where the effective resistance varies considerably with the speed 
at which the motor is running. Initially, such a motor will have a very low 
resistance, its effective resistance then increasing with speed. 

Two other basic relationships also apply in a simple dc circuit: 

I. The current value will be the same through every part of the circuit, 
unless a part of the circuit involves parallel-connected paths. 
Thus, in a circuit (A) of Fig. 3-2, all the resistors in the circuit are 
connected in series so that the same current will flow through each resistor. 


Rl 


R2 



Resistors in series 



1——t_1 » 


1 

E 

1 

^ R2 ^ ^ 

^ 3 


R3 


Q Resistors in parallel 


Fig. 3-2. Current has the same value through all resistors connected in series; 
but is different through each resistor connected in parallel. 


In circuit (B) of Fig. 3-2, the resistors are connected in parallel. In this 
case each resistor represents a separate path for the current and the value 
of current flowing through each “leg” will depend on the value of that 
resistor. These current values can be calculated from Ohm’s law: 

r 

through resistor 1, current = — 

Rl 

P 

through resistor 2, current = — 

R2 

E 

through resistor 3, current = — 

R3 


The current flowing through the wiring part of the circuit will be the sum of 
these three currents, i.e., 


_E_ _E_ E_ 

Rl + R2 + R3 


or E 


1 1 1 
Rl + R2 + R3 
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2. The voltage throughout a simple dc circuit is not constant but will 
suffer a “drop” across each resistor. This can be illustrated by the 


circuit shown in Fig. 3-3, where the voltages across the individual 
resistors are calculated (or measured with a voltmeter) as VI, V2 
and V3. The total resistance in the circuit is Rl + R2 + R3. 


I-©-1 



'--^ 


Fig. 3-3. Resistors drop voltage in a dc circuit. 

The current (which will be the same throughout the circuit) is given by: 



Rl + R2 + R3 


We then have the conditions: 

VI, measured across Rl = current x resistance 
= 1 x Rl 

V2, measured across R2 = 1 x R2 

V3, measured across R3 = 1 x R3 
Each of these voltages will be less than E. 

Comparison with a hydraulic circuit again (see Chapter 2) can help 
understand how a resistor works as a “voltage dropper.” In a hydraulic 
circuit, pressure is analogous to voltage in an electronic circuit. The 
equivalent to a resistor is some device restricting fluid flow—say a partially 
closed valve. Flow through this resistor will produce a pressure drop. 
Similarly, the flow of electricity through a resistor will produce a voltage 
drop. 

VOLTAGE-DROPPER CIRCUIT 

The above is now reworked as a practical example. To power a 6-volt 
electrical appliance (say a 6-volt transistor radio) from a 12-volt battery. In 
this case, the appliance is considered as a resistance bad. To “drop” the 
voltage from 12 to 6 across this load, a dropper resistor, R, is required in 
the circuit shown in Fig. 3-4. It remains to calculate a suitable value for this 
’dropping” resistor, but to do this it is necessary to know the effective 
resistance of the load. (If this is not known it can be measured with an 
ohmmeter.) Suppose it is 100 ohms. 




Fig. 3-4. Practical application of a dropping resistor. 


Using Ohm’s law again, if this load is to have 6 volts applied across it, 
and its resistance is 100 ohms, the current required to flow through the 
circuit is: 

i = JL 
100 

= 0.06 amps (60 milliamps) 

This same current will flow through the rest of the circuit. This, consider¬ 
ing the circuit from the 12 volt end: 

12 

total resistance required = q ^ 

= 200 ohms. 

The load already contributed 100 ohms, so the value of dropping resistor 
required must be 200 - 100 = 100 ohms. A further calculation will show 
the voltage drop across this resistor will be: 

V = 0.06 x 100 
= 6 volts. 

This particular example also demonstrates another simple rule concerning 
dropping resistors. If the voltage is to be halved, then the value of the 
dropping resistor required is the same as that of the load. 

POWER IN THE CIRCUIT 

The power developed in a circuit by virtue of the electrical pressure 
(volts) and resulting current flow (amps) is given by the product of these 
two values, and measured in watts. Thus: 

power — watts = volts x amps 

This same definition applies both to dc and ac circuits. 
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Power is used up in producing a useful result in making the circuit 
“work” (whether this be operating a radio, driving an electric motor, 
heating an electric element, etc.). But all components which have resis¬ 
tance absorb a certain amount of power which is “waste” power normally 
dissipated in the form of heat. No practical device can work without some 
resistance in the circuit, and thus some power loss is inevitable. More 
important, the heating effect must not be so great that the component is 
damaged. Thus components normally have a power rating which should not 
be exceeded. In specific cases, even when operating within their power 
rating, provision may have to be made to conduct heat away from the 
component—as in the case of “heatsinks” used with power transistors. 

Referring to the example of the dropping resistor, this definitely 
wastes power to the tune of 6 (volts) x 0.06 (amps) = 0.36 watts. To be on 
the safe side, therefore, the resistor chosen would need to have a power 
rating of at least V 2 watt, and would also have to be placed in a position 
where it receives adequate ventilation to prevent heat build-up in the 
surrounding air. 

The majority of transistor circuits work on low voltages, with low 
current values, and so components with quite moderate power ratings are 
usually adequate. Circuits carrying higher voltages and currents demand 
the use of components with correspondingly higher power ratings, and 
often need even more attention to ventilation. Thus, the actual value of a 
component is only part of its specification. Its power rating can be equally 
important. 

Note that since V = IR, power can also be calculated as: 

watts = (current) 2 x Resistance 
=I Z R 

This is often a more convenient formula for calculating power in a particular 
part of a circuit. 

SHUNT CIRCUITS 

A shunt circuit is used to “drop” a current flowing through a particular 
component. It normally comprises two resistances in parallel, one resis¬ 
tance being the component resistance and the other the shunt resistance. 
The appropriate value of the shunt resistance is again calculated directly 
from Ohm’s law. 

A typical example of the use of a shunt resistance is to adapt an 
ammeter movement to measure different current ranges (as in a multime¬ 
ter). In this case the “load” resistance is that of the coil of the ammeter, 
which is initially designed to give a full-scale deflection with a particular 
current flowing through it (call this Ij). The instrument cannot measure any 
higher current than I t since this would simply tend to carry the pointer past 
its full deflection, and very likely cause damage. Thus, the meter is 
designed to handle the lowest current range required, and a shunt resistor 
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(or a series of shunt resistors) added which can be switched into the meter 
circuit to extend the range. Figure 3-5 shows this arrangement with just one 
shunt resistor connected for switching into the circuit. 

If the shunt resistor is to extend the ammeter range to a higher 
current, I , giving full-scale deflection, then the required value of the shunt 
resistor follows from: 

1 . Current which has to flow through shunt is I 2 —I r This means that a 
current greater than will never flow through the meter movement 
(unless the actual current applied to the meter exceeds I). 

2. Voltage drops across the meter = I x R (where R 2 is the 

resistance of the meter). m m 

3. Shunt resistance required is therefore: 

voltage drop across instrument 
current flow through shunt 


Again, there is a simple rule to follow if the current range of the meter is to 
be doubled. In this case the shunt resistance required is the same as that of 
the meter. 



Fig. 3-5. Extending the range of a milliammeter. 

AMMETER INTO VOLTMETER 

An ammeter, which is an instrument used for measuring current, can 
also be made to measure volts by connecting a resistor in series with the 
meter Fig. 3-6. This, in fact, is another example of a voltage dropper. 
Again, if the maximum meter current for full-scale deflection is I, the total 
resistance which must be in circuit is: 


total R = — 
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where V is the voltage range it is desired to measure. 

The value of the series resistor required is this total resistance less the 
resistance of the meter (the latter may be negligible in comparison with the 
value of series resistor required and its likely tolerance—see Chapter 4). 

Again, several series resistors may be used, switched into the circuit 
individually to provide different voltage-measuring ranges on the meter 
movement, as shown in the right hand diagram of Fig. 3-6. 


ammeter movement 



simple voltmeter 



Fig. 3-6. Converting an ammeter into a voltmeter. 


DIVIDERS 

A voltage divider is yet another example of the practical application of 
a “voltage dropper.” The basic circuit is shown in Fig. 3-7, and since the 
current flow through R1 and R2 is the same, the following voltage values 
apply: 


VI = source voltage (e.g., battery voltage) 

V2 = V1 

x R1 

V3 = VI 

x R2 

R1 + R2 



(Note: —-— is the current flowing through R1 and R2). 

K1 + K z 



f ' 9- 3-7. Basic potential divider circuit. 
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It follows that by suitable selection of values for Rl and R2, virtually 
any lower voltage than VI can be tapped from points A and B, or B and C (or 
both). It also has the advantage that it is not necessary to know the load 
resistance before suitable “dropper” resistances can be calculated. It could 
thus be a more practical alternative for the example described in Fig. 3-4, 
but connection to a load will, of course, result in a further drop in voltage. 

If the resistance of the load is known, then there is no particular 
problem with a fixed resistor voltage divider. Calculate the value of R2 
(Fig. 3-7) on the basis of no load resistance, then subtract the actual value of 
the load resistance from this to arrive at the required value for R2. (In the 
complete tapped circuit, R2 and the load resistance will effectively be in 
series.) 

BASIC AC CIRCUITS 

As explained in Chapter 2, the voltage and current flow both alternate 
in ac circuits, with the possibility of one leading or lagging the other. Also, 
it was intimated that the effective resistance offered by resistance compo¬ 
nents may be modified (usually increased) by reactive effects. These 
effects become increasingly marked as the frequency of the ac increases, and 
at radio frequencies are more pronounced than pure resistance. 

It is possible to obtain an ac circuit which is purely resistive, particu¬ 
larly at lower frequencies, in which case Ohm’s law is equally valid for such 
circuits as it is for dc circuits. Ohm’s law can also be applied to ac circuits in 
which reactive effects are present, but in slightly modified form. These 
reactive effects are described specifically as reactance and impedance. 

Reactance is the circuit loading effect produced by capacitors and 
inductances (coils). It is measured in ohms and designated by the symbol X. 
Its actual value is dependent both on the component value and the frequency 
of the ac. 

In the case of capacitors, capacitive reactance (usually designated X ^ 
is given by: 


c c 2TrfC 

where f is the ac frequency in Hz, C is the capacitance in farads, and tt = 
3.1412. 

In the case of inductances, inductive reactance (usually designated X L ) is 
given by: 

X L = 27rfL 

where L is the inductance in henrys 

If the ac circuit contains only reactance (i.e., does not have any 
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separate resistance), then X takes the place of resistance (R) in the Ohm’s 
law formula: 


i = -E- 

x 


In practice, reactance present is also usually associated with resistance, 
the resulting combination representing the impedance (Z) of the circuit. 

If reactance and resistance are in series: 


Z= VR 2 + X 2 


If reactance and resistance are in parallel: 

RX 


/ RX 
V R 2 + 


Again, impedance (Z) takes the place of resistance in the Ohm’s law 
formula: 


-f 


These are the basic formulas for ac circuit calculations. 


POWER FACTOR 

Power factor is something specific to ac circuits, although it is only the 
resistance in such circuits that actually consume power. This power con¬ 
sumed can be calculated as the product of the square of the current flowing 
through the resistance and the value of the resistance, i.e., I Z R watts. The 
apparent power in the circuit is the product of ac voltage and current, 
correctly specified as volt-amps. 

The ratio of the power consumed to the apparent power is called the 
power factor, usually expressed as a percentage. If the circuit is purely 
resistive, then the power factor will be 100 percent (since all the apparent 
power is consumed in the resistance). Reactance does not consume power, 
so in a purely reactive circuit the power factor is zero. When a circuit 
contains both resistance and impedance (i.e., reactance), then the power 
factor will always be less than 100 percent, its value depending on the 
resistance present. 

Dc and Ac in the Same Circuit 

It is quite possible to have both dc and ac flowing in the same circuit. In 
fact, this is the principle on which most radio and similar circuits work. The 
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dc is the basic source of electrical supply, on which various ac currents are 
superimposed. The one essential difference is that dc can only flow through 
a continuous circuit, whereas ac can pass through components such as 
capacitors which present a “break” in the circuit to dc. These effects can be 
used to advantage to “isolate” stages in a circuit. 

In the type of circuit shown in Fig. 3-8, for example, an input compris¬ 
ing a mixture of dc and ac is applied to the left-hand side of the circuit. If only 
the ac component of the signal is required, the dc content can be blocked by 
a capacitor (Cl). Meantime, the next part of the circuit which has to deal 
with that signal is powered by dc from the source supply (say a battery), 
probably via resistors R1 and R2 acting as dividers to get the voltages 
correct for that stage (other stages may need different working dc voltages, 
all coming from the same source). The output signal from this stage then 
consists of a mixture of dc and ac. If only the ac content is wanted for passing 
to the next stage, a capacitor (C2) is again used as a block for dc. 



Fig. 3-8. Diagrammatic representation of flow of ac and dc in a circuit. 
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Chapter 4 



Resistors, as their name implies, are designed to provide some desirable, 
or necessary, amount of resistance to current flow in a circuit. They can also 
be used to “drop” voltages, as explained in Chapter 3. As such, they are the 
main elements used in circuit design to arrive at the desired current flows 
and voltages which work the circuit. Resistors do not generate electrical 
energy, but merely absorb it, which is dissipated in the form of heat. The 
performance of a resistor is not affected by frequency, so it behaves in the 
same way in both dc and ac circuits. (There are exceptions, as noted later.) 

Resistors are specified by (a) resistance value in ohms; (b) tolerance 
as a percentage of the nominal value; and (c) power rating in watts. They 
are also categorized by the type of construction. 

COLOR CODE 

Resistance value and tolerance is normally indicated by a color code 
consisting of four colored rings, starting at, or close to, one end; see Fig. 
4-1. These are read as follows: 

1st ring gives first digit 
2nd ring gives second digit 

3rd ring gives number of zeros to put after first two digits. 

The fourth colored ring gives the tolerance: 

silver—10% tolerance either side of the nominal value 
gold—5% tolerance either side of the nominal value 
red—2% tolerance either side of the nominal value 
brown—1% tolerance either side of the nominal value 
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Table 4-1. Universally adopted color coding. 


Color 

1 

gives first 
figure of 
resistance 
value 

2 

gives second 
figure of 
resistance 
value 

3 

gives number 
of zeros to 
put after first 
two figures 

Black 

0 

0 

None 

Brown 

1 

1 

0 

Red 

2 

2 

00 

Orange 

3 

3 

000 

Yellow 

4 

4 

0000 

Green 

5 

5 

00000 

Blue 

6 

6 

000000 

Violet 

7 

7 

0000000 

Grey 

8 

8 

00000000 

White 

9 

9 

000000000 


Example : resistor color code read as brown, blue, orange. 


Brown Blue Orange 

value read as 1 6 000 

i.e., 16,000 ft or 16 kft (kilohms). 

Absence of a fourth ring implies a tolerance of 20%. 

Certain types of modem resistors of larger physical size may have 
letters and numbers marked on the body instead of colored rings. With this 
coding, the numbers indicate the numerical value and the following letter 
the multiplier, where: 

E = x 1 

K = x 1,000 (or kilohms) 

M = x 1,000,000 (or megohms) 

A second letter then gives the tolerance: 

M = 20% tolerance either side of the nominal value 
K = 10% tolerance either side of the nominal value 


1st digit 2nd digit multiplier 
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j = 5% tolerance either side of the nominal value 
H = 2.5% tolerance either side of the nominal value 
G = 2% tolerance either side of the nominal value 
F = 1% tolerance either side of the nominal value 

The actual range of (nominal) resistance values to which resistors are made 
is based on steps which give an approximately constant percentage change in 
resistance from one value to the next—not simple arithmetical steps like 1, 

2 3, etc. These are based on the preferred numbers: 

1, 1.2, 1.5, 1.8, 2.2, 2.7, 3.3, 3.9, 4.7, 5.6, 6.8, 8.2, 10, 12, 15, 18, etc. 

Thus, for example, a typical range of resistor values would be: 

10, 12, 15, 18, 22, 27, 33, 39, 47, 56, 68, 82, and 100ohms; 

120, 150, 180, 220, 270, 330, 390, 470, 560, 680 and 820 ohms; 

1, 1.2, 1.5, 1.8, 2.2, 2.7, 3.3, 4.7, 5.6, 6.8, and 8.2 kilohms; 

10, 12, etc., kilohms; 

1, 1.2, etc., megohms. 

As regards tolerances, as a general rule, resistors with a 10 percent 
tolerance are suitable for average circuit use. The actual resistance value 
of, say, a 1 kilohm resistor would then be anything between 900 and 1,000 
ohms. For more critical work, such as radio circuits, resistors with a 5 
percent tolerance would be preferred. Closer tolerances are not normally 
required, except for very critical circuits. 

POWER RATING 

The physical size (or shape) of a resistor provides no clue to its 
resistance value, but can be a rough guide to its power rating. Physical sizes 
(Fig. 4-2) range from about 4mm long by 1mm diameter up to about 50mm 
long and 6mm or more diameter. The former would probably have a power 
rating of l/20th watt and the latter possibly 10 watts. More specifically, 
however, the power rating is related to type as well as size. A general rule 
which does apply to power rating, however, is that while this figure 
nominally represents a safe maximum which the resistor can tolerate 
without damage, it is usually best to operate a resistor well below its power 
rating—say at 50 percent rating—particularly if components are crowded 
on a circuit, or the circuit is enclosed in a case with little or no ventilation. 

VOLTAGE RATING 

Maximum operating voltage may also be specified for resistors, but 
since this is usually of the order of 250 volts or more, this parameter is not 
important when choosing resistors for battery circuits. Resistors used on 
mains circuits must, however, have a suitable voltage rating. 
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Fig. 4-2. Examples of modern resistor outlines (actual size). 

Types of Construction 

Resistor types classified by construction are: 

1. Carbon (also called carbon-composition, molded-carbon, and car¬ 
bon rod). These are in the form of a small rod molded from carbon and a 
binder, with wire connections at each end. The rod is usually protected with 
a paper or ceramic sleeve, or a lacquer coating. These are the most common 
(and cheapest) type of resistor, generally available in values from 10 ohms 
to 22 megohms. Standard types are usually available in Vs, Vi, Vs, 1, and 2 
watt ratings. 

It is a general characteristic of carbon resistors that their value re¬ 
mains stable at normal temperatures, but above 60° C their resistance 
increases rapidly with increasing temperature. 

2. Carbon-film Resistors (also known as high-stability carbon re¬ 
sistors). These are manufactured by depositing a thin film of carbon on a 
small ceramic rod. The rod is fitted with metal end caps, to which wire leads 
are attached. The body of the resistor is usually protected by a varnish, 
paint or silicone resin coating, but some types may be encased in a ceramic, 
plastic or glass outer coating. 

Carbon-film resistors are little affected by temperature changes (their 
stability is usually better than 1 percent) and are also characterized by low 
noise. They are available in sub-miniature sizes (1/20 and 1/10 watt power 
rating), and in larger sizes up to 1 watt power rating. They are a preferred 
type for radio circuits, particularly as they have excellent high-frequency 
characteristics. 

3. Metal-film Resistors. These are made by depositing a metallic 
film (usually nickel-chromium) on a glass or ceramic rod. A helical track is 
then cut in the film to produce the required resistance value. Metallic end 
caps are then fitted, carrying the wire leads, and the body protected by a 
lacquer, paint, or plastic coating. Stability characteristics are similar to 
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f carbon-film resistors, but they are more expensive. They are 
those ra °l produced in miniature sizes with power ratings from 1/10 watt 

upwards. 

4 Metal-oxide Film Resistors. Construction is similar to that of a 

1-film resistor except that the coating used is a metallic oxide (usually 
me 0 xide), subsequently covered with a heat-resistant coating. This type of 
resistor is virtually proof against accidental overheating (e.g., when mak- 
soldered connections) and is also not affected by damp. Stability is very 
high (better than 1 percent), and the power ratings are high for their 
physical size. 

5. Metal-glaze Resistors. In this type, the resistive film deposited 
on the rod is a cermet (metal-ceramic), otherwise, construction is similar to 
metal-film resistors. 

Film-resistors may also be classified as thick-film or thm-film. As a 
general rule, individual resistors of this type are thick-film. Thick-film 
resistors are also made in groups on a small substrate and encapsulated in 
integrated circuit “chips.” Thin-film resistors are made in a similar way, 
but on a considerably smaller scale for use in the manufacture of integrated 
circuits. 

Effect of Age 

All resistors can be expected to undergo a change in resistance with 
age. This is most marked in the case of carbon-composition resistors where 
the change may be as much as 20 percent in a year or so. In the case of 
carbon-film and metallic-film resistors, the change is seldom likely to be 
more than a few percent. 

Effect of High Frequencies 

The general effect of increasing frequency in ac circuits is to decrease 
the apparent value of the resistor, and the higher the resistor value the 
greater this change is likely to be. This effect is most marked with carbon- 
composition and wire-round resistors (see below). Carbon-film and metal- 
film resistors all have stable high-frequency characteristics. 

WIRE-WOUND RESISTORS 

Wire-round resistors are made by wrapping a length of resistance wire 
around a ceramic coil. The whole is then covered with a protective coating 
or film. The specific advantages offered by wire resistors are that a wide 
range of values can be produced (typically from 1 ohm to 300 kilohms) with 
power ratings from 1 to 50 watts (or up to 225 watts in “power” types), with 
tolerances as close as 1 percent. They also have excellent stability and low 
noise. Their disadvantages are that they are most costly and also unsuitable 
for use in ac circuits carrying high frequencies because their effective value 
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changes. Physically, they need be no bigger than film-type resistors for the 
same power rating. 

VARIABLE RESISTORS 

Variable resistors consist of a resistive track swept by a wiper arm. 
The position of the wiper arm determines the length of track in circuit, and 
thus the actual resistance present. The track may be circular (usually a 270° 
arc) or in a straight line, circular types being the more common. Both types 
are known as potentiometers or pots. 

The resistive element may be wire-wound, carbon-composition, 
carbon-film, or metallic-film. The former type is known as a wire-wound 
potentiometer. Carbon-track potentiometers are the cheapest (with the 
same limitations as carbon-composition resistors), but are available only 
with moderate power ratings, e.g., !4 watt for low resistance values, 
reducing with higher resistance values. Wire-wound potentiometers usu¬ 
ally have higher power ratings and are also available in lower resistance 
values than carbon-track potentiometers. Tolerances are usually of the 
order of 10 percent of 20 percent, but may be much closer with precision 
potentiometers. 

Connections should be obvious from Fig. 4-3. Thus, with connections 
to end 1 of the track and the wiper, length 1 to C of the resistive track is in 
the circuit. Actual circuit resistance can thus be varied by moving the wiper 
towards 3 (increasing resistance), or towards 1 (decreasing resistance). 

The change in resistance can occur proportionally to the actual length of 
track involved; or logarithmetically, where there is a logarithmic increase in 
resistance with wiper movement uncovering more track (similar to the 
“steps” adopted for standard resistor values). The former is known as a 
linear potentiometer and the latter a tog potentiometer. Potentiometers can 
also have characteristics between the two. Note that “linear” in this 
description has quite a different meaning to a linear physical shape of 
potentiometer. To avoid confusion it is best to refer to the latter as a 
slide-type potentiometer. 

There is also a class of variable resistors intended to be adjusted to a 
particular resistance setting and then left undisturbed. These are known as 



Fig. 4-3. Potentiometer shown in schematic form (left). Corresponding terminal 
positions are shown on the symbols (right). 
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et potentiometers (alternatively, preset pots or just presets). They are 
preS jl jn s j ze and more limited in maximum resistance value—typically from 
100 ohms to 1 megohm. They are usually designed for adjustment by a 
crewdriver applied to the central screw, or sometimes by a knurled disc 
Cached t0 t he central spindle, carrying the wiper. The latter type are 
known as edge presets, and similar types, with a (maximum) resistance of 5 
k ohms may be used as volume controls on miniature transistor radios. 

Potentiometers are used specifically in a circuit where it is necessary 
to be able to adjust resistance. A typical example is the volume control in a 
radio circuit. In this case the potentiometer may be designed so that at one 
end of the track the wiper runs right off the track to break the circuit. Thus 
the volume control can also be connected up to work as an on-off switch, 
using this extra facility provided. 

Another practical example is the replacement of fixed resistors in a 
voltage divider by a single potentiometer to make the circuit variable in 
performance. Thus, the circuit previously described in Fig. 3-7 (Chapter 3) 
always gives a predetermined voltage at the tapping points (provided the 
supply voltage remains constant). Replacing resistors R1 and R2 with a 
potentiometer, as shown in Fig. 4-4, with the tapping point taken from one 
end of the potentiometer and the wiper, will give a tapped voltage which is 
fully variable from the full supply voltage down to zero, depending on the 
position of the wiper. 

In practice, in a variable-voltage circuit of this type, it may be neces¬ 
sary to leave a fixed resistor in series with the potentiometer to limit the 
current being drawn in the event that the potentiometer has been adjusted 
to zero resistance and the tapped circuit is broken or switched off with the 
original supply still connected. Without the fixed resistor, the supply would 
then be shorted. The value of a fixed resistor would be calculated to limit 
the current drawn in such a case to a safe level. 


variable 

output 

voltage 


Fig. 4-4. A practical adjustable potential divider. 

With a fixed resistor in series with the potentiometer, of course, the 
maximum voltage that can be “tapped” from the potentiometer is equal to 
the supply voltage less the voltage dropped by the fixed resistor. 

The main thing to watch in such a circuit is that the power rating of the 



potentiometer is adequate to accommodate the voltage and current drain in 
the tapped circuit. But, it has one further advantage over a fixed resistor 
potential divider: When a load is added to the tapped circuit, this will add 
resistance in that circuit, causing a further voltage drop. Unless this is 
allowed for in calculating the values for the fixed resistors in a potential 
divider, this will mean that the load receives less than the design voltage. 
With a potentiometer replacing the two fixed resistors, its position can be 
adjusted to bring the load voltage back to the required figure (Fig. 4-5). This 
considerably simplifies the design of a potential divider where the load 
resistance is known only approximately, or not at all. 



Fig. 4-5. The potentiometer can be adjusted to give required voltage across the 
load. 


CIRCUIT RULES FOR RESISTORS 

In the case of resistances connected in series (Fig. 4-6), the total 
resistance in circuit will be the sum of the various resistor values, i.e., 


total resistance = Rl + R2 + R3 +. 

"I 02 03 R4 



total resistance » 01 + R2 + R3 + R4 

Fig. 4-6. Resistors in series. 

In the case of resistors connected in parallel (Fig. 4-7), the total effective 
resistance is given by: 

_L = J_ + i.i, 

R Rl "RT IS" . 

where R is the total resistance. 

In the case of two dissimilar resistors: 
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R 


Rl R2 
Rl + R2 


or remembered as: 


Droduct of resistor values 



Fig. 4-7. Resistors in parallel. 
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Chapter 5 



A capacitor is basically a device which stores an electric charge. Physically, 
it consists of two metal plates or electrodes separated by an insulating 
material or dielectric. Application of a dc voltage across the capacitor will 
produce a deficiency of electrons on the positive plate and excess of 
electrons on the negative plate—Fig. 5-1. This differential accumulation of 
electrons represents an electric charge, which builds up a certain level 
(depending on the voltage) and then remains at that level. 

As far as dc is concerned, the insulator acts as a blocking device for 
current flow (although there will be a certain transient charging current 
which stops as soon as the capacitor is fully charged). In the case of ac being 
applied to the capacitor the charge built up during one half cycle becomes 
reversed on the second half of the cycle, so that effectively the capacitor 
conducts current through it as if the dielectric did not exist. Thus as far as ac 
is concerned, a capacitor is a coupling device. 

There are scarcely any electronic circuits carrying ac which do not 
incorporate one or more capacitors, either for coupling or shaping the 
overall frequency response of the network. In the latter case, a capacitor is 
associated with a resistor to form an RC combination (see Chapter 6). The 
charge/discharge phenomenon associated with capacitors may also be used 
in other types of circuits (e. g., the photographic electronic flash is operated 
by the charge and subsequent discharge of a capacitor triggered at the 
appropriate moment). 

Like resistors, capacitors may be designed to have fixed values or be 
variable in capacity. Fixed capacitors are the main building blocks of a 
circuit (together with resistors). Variable capacitors are mainly used for 
adjusting tuned circuits. 
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Fi g 5-1 Illustrating how a capacitor builds up a charge when connected to a dc 
voltage, blocking current flow. 


fixed capacitors 

Fixed capacitors fall into two main categories: non-polarized 
capacitors, and polarized or electrolytic capacitors. The mam thing which 
determines the type of capacitor is the dielectric material used. 

Non-polarized capacitors consist, basically, of metallic foil interleaves 
with sheets of solid dielectric material, or equivalent construction. T e 
important thing is that the dielectric is ready made before assembly. As a 
consequence, it does not matter which plate is made positive or negative. 
The capacitor will work in just the same way, whichever way it is connected 
in a circuit, hence the description “non-polarized.” This is obviously con¬ 
venient, but this form of construction does limit the amount of capacitance 
which can be accommodated in a single package of reasonable physical size. 
Up to about 0.1 microfarads, the package can be made quite small, but for 
capacitance values much above 1 microfarad, the physical size of a non¬ 
polarized capacitor tends to become excessively large in comparison with 
other components likely to be used in the same circuit. 

This limitation does not apply in the case of an electrolytic capacitor. 
Here, initial construction consists of two electrodes separated by a thin i m 
of electrolyte. As a final stage of manufacture, a voltage is applied across the 
electrodes which has the effect of producing a very thin film of non¬ 
conducting metallic oxide on the surface of one plate to form the dielectric. 
The fact that capacitance of a capacitor increases the thinner the dielectric 
is made means that very much higher capacitances can be produced in 
smaller physical sizes. The only disadvantage is that an e ectro ytic 
capacitor made in this way will have a polarity corresponding to the original 
polarity with which the dielectric was formed, this correct polarity being 
marked on the body of the capacitor. If connected the wrong way in a circuit, 
the reversed polarity can destroy the dielectric film and permanently rum 

the capacitor. . . 

There is also one other characteristic which applies to an electrolytic 
capacitor. A certain amount of “unused” electrolyte will remain after its 
initial forming. This will act as a conductor and can make the capacitor quite 
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“leaky” as far as dc is concerned. This may or may not be acceptable in 
particular circuits. 

NONPOLARIZED CAPACITOR TYPES 

Various types of construction are used for nonpolarized capacitors, 
most of which are easily identified by the shape of the capacitor—see Fig. 
5-2. There is no need to go into detail about the actual constructions. Their 
specific characteristics are important, though, as these can determine the 
best type to use for a particular application. 

1. Paper dielectric capacitors, generally recognizable by their tubular 
form, are the lest expensive but generally bulky, value for value, 
compared with more modem types. Their other main limitation is 
that they are not suitable for use at frequencies much above 1 MHz, 
which virtually restricts their application to audio circuits. They 
are generally available in values from 0.05 /xF up to 1 or 2 /xF, with 
working voltages from 200 to 1,000 volts. Plastic-impregnated 
paper dielectric capacitors may have much higher working 
voltages. 

2. Ceramic capacitors are now widely used in miniaturized audio and rf 
circuits. They are relatively inexpensive and are available in a wide 
range of values from 1 pF to 1 /xF with high working voltages, and 
also characterized by high leakage resistance. They are produced 
in both discs and tubular shapes and as metallized ceramic plates. 

3. Silver-mica capacitors are more expensive than ceramic capacitors 
but have excellent high-frequency response and much smaller 
tolerances, so are generally regarded as superior for critical appli¬ 
cations. They can be made with very high working voltages. 



A—ceramic disc F—tantalum bead 

B—ceramic plate G—electrolytic (polarized) 

C—silvered mica H—non-polarized electrolytic 

D—polystyrene J—plug-in type (Siemens) 

E—polycarbonate 

Fig. 5-2. Examples of modern capacitors. 
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4. Polystyrene capacitors are made from metallic foil interleaved with 
polystyrene film, usually with a fused polystyrene enclosure to 
ensure high insulation resistance. They are noted for their low 
losses at high frequencies (i.e., low inductance and low series 
resistance), good stability and reliability. Values may range from 
10 pF to 100,000 pF, but working voltage generally falls substan¬ 
tially with increasing capacitance (e.g., as low as 60 volts for a 

''100, 000 pF polystyrene capacitor). 

5. Polycarbonate capacitors are usually produced in the form of rectan¬ 
gular slabs with wire end connections designed to plug into a 
printed circuit board. They offer high values (up to 1 /xF) in very 
small sizes, with the characteristics of low losses and low induc¬ 
tance. Like polystyrene capacitors, working voltages become more 
restricted with increasing value. 

6. Polyester film capacitors are also designed for use with printed 
circuit boards, with values from 0.01 /u.F up to 2.2 /xF. Value for 
value they are generally larger in physical size than polycarbonate 
capacitors. Their low inherent inductance makes them particularly 
suitable for coupling and decoupling applications. 

Values of polyester film capacitors are indicated by a color code 
consisting of five color bands, see Fig. 5-3. 

7. Mylar film capacitors can be regarded as a general-purpose film 
type, usually available in values from 0.001 /xF up to 0.22 /xF, with 
a working voltage up to 100 volts dc. 

ELECTROLYTIC CAPACITORS 

The original material used for electrolytic capacitors was aluminium 
foil, together with a paste electrolyte, wound into a tubular form with an 
aluminum outer cover, characterized by “dimpled” rings at one or both 
ends. The modem form of aluminum electrolytic capacitor is based on 
etched-foil construction, enabling higher capacitance values to be achieved 



Fig. 5 - 3 . Color code for polyester capacitors. 

in smaller can sizes. Values available from 1 /xF up to 4,700 /xF (or 
even larger, if required). Working voltages are generally low, but may 
range from 10 volts up to 250 or 500 volts dc, depending on value and 
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construction. A single lead emerges from each end, but single-ended types 
are also available (both leads emerging from one end), and can-types with 
rigid leads in one end for plugging into a socket. Single-ended types are 
preferred for mounting on printed-circuit boards. 

The other main type of electrolytic is the tantalum capacitor. This is 
produced both in cylindrical configuration with axial leads, or in tantalum- 
bead. configuration. Both (and the latter type particularly) can offer very 
high capacitance values in small physical sizes, within the range 0.1 to 100 
/uF. Voltage ratings are generally low; from 35 volts down to less than 10 
volts dc. 

All electrolytic capacitors normally have their value marked on the 
body or case, together with a polarity marking (+ indicating the positive 
lead). Tantalum-bead capacitors, however, are sometimes color coded 
instead of marked with values. This color coding is shown in Fig. 5-4, while 
other codes which may be found on other types of non-polarized capacitors 
are given in Fig. 5-5. 


1st ring — 

2nd ring | 

3rd ring _' 


Q- 

n 


color 

spot 


Working 

Capacitance in pF _ 3rd Ring dc _ Voltage 


COLOR 

1 st 

Ring 

2 nd 

Ring 

Spot Polarity 
and Multiplier 

Color 

Voltaqe 

Black 

— 

0 

x 1.00 

White 

3 

Brown 

i 

1 

x10 

Yellow 

6.3 

Red 

2 

2 


Black 

10 

Orange 

3 

3 


Green 

16 

Yellow 

4 

4 


Grey 

25 

Green 

5 

5 


Pink 

35 

Blue 

6 

6 




Violet 

7 

7 




Grey 

8 

8 

xO.01 



White 

9 

9 

xO.IO 




Fig. 5-4. Color code for tantalum bead capacitors. 


Tolerance of Fixed Capacitors 

As a general rule, only silver-mica capacitors are made to close 
tolerances (plus or minus 1 percent is usual). The tolerance on other types 
of capacitors is usually between 10 and 20 percent and may be even higher 
(as much as 50 percent) in the case of aluminum foil electrolytics. Because 
of the wide tolerances normal with electrolytics, choice of actual value is 
seldom critical. 


VARIABLE CAPACITORS 

Variable capacitors are based on interleaved sets of metal plates, one 
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2nd digit 



Fig. 5-5- Other coding systems used on capacitors. 

set being fixed and the other movable. The plates are separated by a 
dielectric which may be air or a solid dielectric. Movement of one set of 
plates alters the effective area of the plates, and thus the value of capaci¬ 
tance present. 

There is also a general distinction between tuning capacitors used for 
frequent adjustment (e.g., to tune a radio receiver to a particular station) 
and trimmer capacitors used for initial adjustment of a tuned circuit. Tuning 
capacitors are larger, more robust in construction and generally of air- 
dielectric type. Trimmer capacitors are usually based on a mica or film 
dielectric with a smaller number of plates, capacitance being adjusted by 
turning a central screw to vary the pressure between plates and mica. 
Because they are smaller in size, however, a trimmer capacitor may 
sometimes be used as a tuning capacitor on a sub-miniature radio circuit, 
although special miniature tuning capacitors are made, designed to mount 
directly on a printed-circuit board. 

In the case of tuning capacitors, the shape of the vanes determines the 
manner in which capacitance changes with spindle movement. These 
characteristics usually fall under one of the following descriptions: 

1. Linear— where each degree of spindle rotation produces an equal 
change in capacitance. This is the most usual type chosen for radio 
receivers. 

2. Logarithmic— where each degree of spindle movement produes a 
constant percentage change in frequency of a tuned circuit. 

3. Even frequency— where each degree of spindle movement pro¬ 
duces an equal change in frequency in a tuned circuit. 

4. Square law— where the change in capacitance is proportional to 
the square of the angle of spindle movement. 
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BASIC CIRCUIT RULES FOR CAPACITORS 

The rules for total capacitance of capacitors in series and in parallel is 
opposite to that for resistors. For capacitors connected in series (Fig. 5-6) 
the total effective capacitance (C) is given by 

C Cl C2 C3 

or, in the case of two dissimilar capacitors 

C = C1.C2 

Cl + C2 

In words, 

total capacitance = Product of capacitances 
sum of capacitances 

Cl C2 C3 

||-II-1|- total capacitance = £ ♦ ^ ± 


Fig. 5-6. Capacitors in series. 

For capacitors connected in parallel (Fig. 5-7): 

C = Cl + C2 + C3 + . . . . 



p-ll— 

C2 

. ai 



1 — ii — ( 

^i— 



total capacitance = Cl + C2 + C3 


Fig. 5-7. Capacitors in parallel. 


This capacitance effect, of course, is only apparent in an ac circuit. In a dc 
circuit a capacitor simply builds up a charge without passing current. In a 
practical ac circuit, a capacitor also exhibits reactance (see Chapter 2), and 
because of its construction, may also exhibit a certain amount of inductance 
(see Chapter 7). 
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Chapter 6 



One of the principal uses of a capacitor is as a coupling device capable of 
passing ac but acting as a block to dc. In any practical circuit, there will be 
some resistance connected in series with the capacitor (e.g., the resistive 
load of the circuit being coupled), This resistance limits the current flow 
and leads to a certain delay between the application of a voltage to the 
capacitor and the build-up of charge on the capacitor equivalent to that 
voltage. It is this “charge voltage” which blocks the passage of dc. At the 
same time, the combination of resistance with capacitance, generally ab¬ 
breviated to RC, will act as a filter capable of passing ac frequencies, 
depending on the charge-discharge time of the capacitor, or the time 
constant of the RC combination. 

TIME CONSTANT 

The formula for calculating the time (T) is quite simple; 

T = RC 

where T = time constant in seconds 

R = resistance in megohms 
C = capacitance in microfarads 

(It can be noted that the same numerical value for T is given if R is in ohms 
and C in farads, but megohms and microfarads are usually much more 
convenient units.) 

The time constant is actually the time for the voltage across the 
capacitor in an RC combination to reach 63 percent of the applied voltage 
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(this 63 percent figure being chosen as a mathematical convenience). The 
voltage across the capacitor will go on building up to almost (but never 
quite) 100 percent of the applied voltage, as shown in Fig. 6-1. 

The time-constant factor refers to the duration of time in terms of the 
time factor, e.g., at 1 (which is the time factor of the RC combination) 63 
percent full voltage has been built up, in a time equal to 2 x the time 
constant, 80 percent full voltage; and so on. After a time constant of 5 the 
full (almost 100 percent) voltage will have been built up across the 
capacitor. 

The discharge characteristics of a capacitor take place in essentially 
the inverse manner, e.g., after a period of time equal to the time constant 




time constant factor ti me constant factor 

Fig. 6-1. Percentage voltage across capacitor related to time when 
charged (left) and discharged (right). 


being 


the voltage across the capacitor will have dropped 100 - 63 = 37 percent of 
the full voltage and so on. 

In theory, at least, a capacitor will never charge up to full applied 
voltage, nor will it fully discharge. In practice, full charge, or complete 
discharge, can be considered as being achieved in a period of time equal to 
five time constants. Thus, in the the circuit identified with Fig. 6-2, closing 
switch 1 will produce a “full” charge on the capacitor in 5 x time constant 
seconds. If switch 1 is now opened, the capacitor will then remain in a 
condition of storing a voltage equivalent to the original applied voltage, 
holding this charge indefinitely if there is no internal leakage. In practice, it 
will very slowly lose its charge, as no practical capacitor is perfect, but for 
some considerable time it will remain effectively as a potential source of 
‘full-charge” voltage. If the capacitor is part of a high-voltage circuit, for 
example, it is readily capable of giving an electric shock if touched for some 
time after the circuit has been switched off. 

To complete the cycle of charge-discharge as shown in the second 
diagram of Fig. 6-1, switch 2 is closed, when the capacitor discharges 
through the associated resistance, taking a finite amount of time to com¬ 
plete its discharge. 



Fiq. 6-2. Closing switch 1 allows capacitor to charge right up in a time equal to 5 
time constants. It then takes a similar period to discharge fully through a load 
resistor when switch 2 is closed. 


Figure 6-3 shows a very simple circuit working on this principle. It 
consists of a resistor (R) and capacitor (C) connected in series to a source of 
dc voltage. As a visual indication of the working of the circuit, a neon lamp is 
connected in parallel with the capacitor. The lamp represents virtually an 
open circuit until its threshold voltage is applied, when it immediately 
conducts current like a low resistance and glows (see Chapter 10 for more 
about neons). The voltage source for this current must therefore be above 
that of the neon turn-on voltage. 



Fig. 6-3. Simple neon flasher circuit (note the symbol for a neon lamp). The 
values of the resistor (Ft) and capacitor (C) determine the flashing rate. 

When this circuit is switched on, the capacitor starts to build up a 
charge at a rate depending on the time constant of R and C. The lamp is fed 
by voltage developed across the capacitor. Once this reaches the tum-on 
voltage of the lamp, the lamp will switch on and cause the capacitor to 
discharge through the neon gas, causing it to glow. Once the capacitor has 
discharged, no more current flows through the lamp and so it switches off 
again until the capacitor has built up another charge equivalent to the 
tum-on voltage, when it will discharge through the lamp, and so on. In other 
words the neon lamp will flash at a rate determined by the time constant of R 
and C. 
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Using the component values shown, the time constant for the circuit 


T 5 (megohms) x 0.1 (microfarads) 

= 0.5 seconds. 

lnodo n f°lT?r arily the 3CtUal flashing rate ° fthe circuit - 11 t^e a 

buddfm th " ° ne tme C ° nStant ( ° r less) for the ca P acitor v °ltage to 
budd up to the neon tum-on voltage-more if the tum-on voltage is greater 

63 less i,,he ,un, -° n voi,ag<! is ,ess ,h » 

of R ofc f0 "r S K hat V flashing rate can be altered altering the value 
of K or C, either by substituting different values calculated to give a 

Connert < ! on .? tant: , or with a Parallel-connected resistor or capacitor 
nnecting a similar value resistor in parallel with R, for example would 

ouble the flashing rate (since paralleling similar resistor values halves the 
tot a resist 3 ^). Connecting a similar value capacitor in parallel with C 
would halve the flashing rate. 

This type of circuit is known as a relaxation oscillator. Using a variable 
?“ f a specific flashing r„e . X To £ 

extended in the form of a novelty lighting system by connecting a series of 

different tirnp 3 ^ TV T" ?" P in C3SCade ' each RC c <™bination have a 


• megohm 



Fig 6-4 Random “cascade” flasher circuit. Any number of lamps can be con 
nected ,n this way and will flash in random order. P 

CAPACITORS IN AC CIRCUITS 

As far as ac is concerned, the fact that the applied voltage is alternating 
means that during one half cycle the capacitor is effectively being charged 

"he Ttrr T Ta eCt T ° f V ° It3ge: 311(1 during the second halfof 

the ac cycle, charged and discharged with opposite direction of voltage. 

hus in effect, ac voltages pass through the capacitor, restricted only by 
such limitations as may be applied by the RC time constant which deter¬ 


mines what proportion of the applied voltage is built up and discharged 
through the capacitor. At the same time, the capacitor will offer a certain 
opposition to the passage of ac through reactance (see Chapter 3), although 
this does not actually consume power. Its main influence is on frequency 
response of RC circuits. 

SIMPLE COUPLING 

Coupling one stage of a radio receiver to the next stage via a capacitor 
is common design practice. Although the capacitance is apparently used on 
its own, it is associated with an effective series resistance represented by 
the “load” of the stage being fed—Fig. 6-5. This, together with the 
capacitor, forms an RC combination which will have a particular time 
constant. It is important that this time constant matches the requirements 
of the ac signal frequency being passed from one stage to the other. 



effective resistance 


Fig. 6-5. Basic function of a coupling capacitor is to pass ac signals and block dc 
signals. It will also pass undulating dc signals. 

In the case of AM radio stage, the maximum of signal likely to be 
present is 10 kHz. The “cycle” time of such a signal is 1/10,000 = 0.1 
milliseconds. However, to pass this frequency each cycle represents two 
charge/discharge functions as far as the coupling capacitor is concerned, 
one positive and one negative. Thus the time period for a single charge/ 
discharge function is 0.05 milliseconds. 

The RC time constant necessary to accommodate this working needs 
to be this value to pass 63 percent of the applied ac voltage—and preferably 
rather less to pass more than 63 percent of the applied voltage. 

These figures can give a clue as to the optimum value of coupling 
capacitor to use. For example, the typical input resistance of a low power 
transistor is of the order of 1,000 ohms. The time constant of a matching RC 
coupling would be 0.05 milliseconds (see above), giving the requirements: 

0.05 x 10 = 1,000 x C 

or C =0.05 x 10' 9 farads 

= 0.50 pF (or preferably rather less, since this would ensure 
more than 63 percent voltage passed). 

In practice, a much higher capacitance value would normally be used; 
even as high as 1 /xF or more. This will usually give better results, at the 
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expense of efficiency of ac (in this case rf) transmission. (An apparent 
contradiction, but it happens to work out that way because the load is 
reactive rather than purely resistive.) What simple calculation does really 
show is that capacitive coupling becomes increasingly less efficient with 
increasing frequency of ac signal when associated with practical values of 
capacitors used for coupling duties. 

FILTER CIRCUITS 

A basic RC combination used as a filter circuit is shown in Fig. 6-6. 
From the input side, this represents a resistor in series with a capacitive 
reactance , with a voltage drop across each component. If the reactance of 
the capacitor (X c ) is much greater than R, most of the input voltage appears 
across the capacitor and thus the output voltage approaches the input 
voltage in value. Reactance is inversely proportional to frequency, how¬ 
ever, and so with increasing frequency the reactance of the capacitor 
decreases, and so will the output voltage (an increasing proportion of the 
input voltage being dropped by the resistor). 


n 



Fig. 6-6. Basic filter circuit. It will block ac frequencies higher than the cut-off 
frequency of the combination of R and C. 

As far as effective passage of ac is concerned, there is a critical 
frequency at which the reactance component becomes so degraded in value 
that such a circuit starts to become blocking rather than conductive, i. e., 
the ratio of volts^/volts.^ starts to fall rapidly. This is shown in simplified 
diagrammatic form in Fig. 6-7. The critical point, known as the roll-off point 
or cut-off frequency (f ) is given by: 


c 2ir RC 

where R is in ohms 
C is in farads 
7T = 3.1416 

But RC, as noted previously, is equal to the time constant of the RC 
combination. Hence: 
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O dB 



Fig. 6-7. Simplified diagram of how the ratio of volts J volts out drops rapidly as 
the cut-off frequency of a filter is exceeded. All signals below the cut-off fre¬ 
quency are passed without attenuation. 


The performance of such a filter is defined by its cut-off frequency and 

the rate at which the volts, /volts ratio falls above the cut-off frequency. 

1,1 0Ut _ . , 
The latter is normally quoted as—(so many) dB per octave (or each 

doubling of frequency)—see Fig. 6-8 which shows the relationship between 

dB and volts /volts ratio, and also the true form of the frequency re¬ 
in out 

sponse curve. 

LOW-PASS FILTERS 

Circuits of this type are called low-pass filters because they pass ac 
signals below the cut-off frequency with little or no loss or attenuation of 
signal strength. With signals above the cut-off frequency, there is increas¬ 
ing attenuation. Suitable component values are readily calculated. For 
example, a typical scratch filter associated with a record player or amplifier 
would be designed to attenuate frequencies above, say, 10 kHz—Fig. 6-9. 
This value represents the cut-off frequency required, i. e., Any combination 
of R (in ohms) and C (in farads) giving this product value could be used. 

high-pass filters 

High-pass filters work the other way around. They attenuate frequen- 
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frequency 

Fig. 6-8. The actual “roll-off” point on the frequency response curve of a filter is 
not sharply defined. The cut-off frequency is really a nomina figure and generally 
taken as the frequency at which there is a 3 decibel loss or a volts / volts ratio 
of 0.707. This is equivalent to a 50 percent loss of power. ln 


resistor (R) 



Low-pass filter 


Fig. 6-9. Simple scratch filter circuit. Any combination of component values 
giving a product of RC = 1600 will work. 

cies below the cut-off frequency, but pass frequencies at and above the 
cut-off frequency with no attenuation. To achieve this mode of working, the 
two components in the circuit are interchanged—Fig. 6-10. 

This type of filter is again commonly associated with record player 
circuits, incorporated to eliminate low-frequency noise or “rumble" which 
may be present. The design cut-off frequency must be low enough not to 
interfere with bass response, and so the value chosen is usually of the order 
of 15 to 20 Hz. Exactly the same formula is used to determine the cut-off 
frequency, hence, using a design value of 20 Hz: 



2 tt RC 
RC = 125 
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capacitor (C) 

o -II- 

resistor (R) 

O 

High-pass filter 

Pin fi-10. (Right) high-pass or “rumble” filters cut off low frequencies but pass 
high frequencies. A typical value for the product RC in this case would be 125. 

Again, any combination of R (in ohms) and C (in farads) giving a product of 
125 would work. 

In practical circuits, such filters are normally inserted in the 
preamplifier stage, or in the amplifier immediately in front of the tone- 
control circuit. For Hi-Fi systems, the type of filter circuits used are 
considerably more complicated than the ones described. 
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Chapter 7 


Coils and Inductances 

The flow of electric current through any conductor has the effect of 
generating a magnetic field. This creation of magnetic energy represents a 
power loss during the time that field is being created, which is measurable 
in terms of a “voltage drop” or back emf This is quite different (and 
additional) to the voltage drop produced by the resistance of the conductor, 
and disappears once stable conditions have been reached. Thus, in a dc 
circuit, the back emf tends to prevent the current rising rapidly when the 
circuit is switched on. Once a constant magnetic field has been established, 
the back emf disappears since no further energy is being extracted from the 
circuit and transferred to the magnetic field. 

In the case of an ac circuit, the current is continually changing, creating 
a back emf which is also changing at a similar rate. The value of the back emf 
is dependent both on the rate of change of current (frequency) and to a factor 
dependent on the form of the conductor which governs its inductance. 
Inductance is thus another form of resistance to ac, generated in addition to 
the pure resistance. 

Every conductor has inductance when carrying ac, although in the case 
of straight wires this is usually negligible (except at very high frequencies). 
If the wire is wound in the form of a coil, however, its inductance is greatly 
increased. If the coil is fitted with an iron core, then its inductance will be 
even higher for the same number of turns and coil size. 

With the ac flowing through the coil, the “resistive” condition estab¬ 
lished is not as drastic as may appear at first sight. The polarity of the back 
emf is always such as to oppose any change in current. Thus while the 
current is increasing, work is being done against the back emf by storing 
energy in the magnetic field. On the next part of the current cycle when the 
current is falling, the stored energy in the magnetic field returns to the 
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circuit, thus tending to keep the current flowing, see Fig. 7-1. An induc¬ 
tance, in fact, may be a very good conductor of ac, especially when com¬ 
bined with a capacitor in a tuned circuit (see later). On the other hand, it may 
be designed to work as a “resistive” component or choke. 

The inductance of a single-layer coil, wound with space be¬ 
tween adjacent turns can be calculated from the formula: 

R 2 N 2 

L = - 

9R + 10L 


where L is the inductance in microhenrys 
R is the radius of the coil in inches 
N is the number of turns 
L is the length of the coil in inches. 





switch on 

time 





Fig. 7-1. Back emf induced in a dc circuit on switching on exists only momentarily. 
In an ac circuit the back emf is continually changing. 


Written as a solution for the number of turns required to produce a given 
inductance with R and L predetermined: 

N = / (9R + 10L) x L 


This formula applies regardless of the actual diameter of the wire used (also 
it does not matter whether bare wire or insulated wire is used), provided 
the coil diameter is very much larger than the wire diameter. For practical 
sizes of wires used for coil winding, this means a minimum coil diameter of 
at least 1 inch (25mm). 

For smaller diameter coils, the wire size will have an increasing 
modifying effect on the actual inductance, and even the length of leads at the 
ends of the coil can upset the calculation. Thus such coils are normally 
designed on empirical lines (i. e., based on a specified number of turns of a 
given size of wire known to produce a given inductance when wound on a 
specific form diameter). 
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In practice, small coils are normally wound on a form intended to take 
an iron core. The position of this core is adjustable, relative to the wound 
coil, by screwing in or out. Thus the actual value of inductance can be 
varied, for tuning purposes—Fig. 7-2 (left). 




Fig. 7-2. Coil form (left) and pot cores (right). 



Alternatively a pot core may be used where the coil is wound on a form 
or bobbin, subsequently enclosed in an iron housing. Provided the specific 
inductance of the pot core is known (it is usually specified by the manufac¬ 
turer), the number of turns (p.) to be used for the winding can be calculated 
with good accuracy from the formula: 



where L is the inductance required, and Aj_ is the quoted specific inductance 
of the pot core in the same units as L. 

Practical values of inductance used in electronic circuits may range from 
microhenrys (in medium and high frequency circuits) to millihenrys (in low 
frequency circuits), up to several henrys for chokes in power supply 
circuits. Normally, an inductance will be wound from the largest diameter 
enameled wire it is convenient to use (and still get the required number of 
turns on the form or bobbin), because this will minimize ohmic resistance 
and thus improve the efficiency or Q-factor of the coil. 


RESONANT CIRCUITS 

A coil (inductance) and a capacitor connected in series across an ac 
supply has the very important characteristic that it is possible for the 
reactive effect of one to cancel out the reactive effects of the other. Thus in 
the demonstration circuit shown in Fig. 7-3, L is the inductance, and C 
the capacitor connected across a source of ac, the frequency of which can be 
varied. A resistor (R) is shown in series with L and C, as an inevitable part 
of a practical circuit. 

If the ac supply is adjusted to a low frequency, the capacitive reactance 
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coil (L) 


coil (L) 



theoretical circuit practical equivalent 


Fig. 7-3- Components which make a resonant circuit. 

will be very much larger than R, and the inductive reactance will be much 
lower than R (and thus also very much lower than the capacitive reactance). 
See Chapter 3 for the formulas for capacitive and inductive reactance, and 
how these values are dependent on frequency. 

If the ac supply is adjusted to a high frequency the opposite conditions 
will apply—inductive reactance much larger than R, and capacitive reac¬ 
tance lower than R and L. Somewhere between these two extremes there 
will be an ac frequency at which the reactances of the capacitance and 
inductance will be equal, and this is the really interesting point. When 
inductive reactance (XJ equals capacitive reactance (X c ), the voltage 
drops across these two components will be equal but ISO degrees out of 
phase. This means the two voltage drops will cancel each other out, with the 
result that only R is effective as total resistance to current flow. In other 
words, maximum current will flow through the circuit, determined only by 
the value of R and the applied ac voltage. 

Working under these conditions, the circuit is said to be reso¬ 
nant. Obviously, resonance will occur only at a specific frequency, which is 
thus called the resonant frequency. Its value is given by the simple formula: 



27tV LC 


where f = resonant frequency in Hz 
L = inductance in henrys 
C = capacitance in farads. 

A more convenient formula to use is: 
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where f = resonant frequency in kilohertz (kHz) 

L = inductance in microhenrys (/xH) 

C = capacitance in pico farads (pF). 

Note that the formula for resonant frequency is not affected by any 
resistance (R) in the circuit. The presence of resistance does, however, 
affect the Quality factor or Q of the circuit. This is a measure of how sharply 
the circuit can be tuned to resonance, the higher the value of Q the better, in 
this respect. The actual value of Q is given by: 



R 


where X is the reactance in ohms of either the inductance or capacitance at 
the resonant frequency (they are both the same, so it does not matter which 
one is taken) and R is the value of the series resistance in ohms. 

The practical resonant circuit (or tuned circuit) is based on just two 
components—an inductance and a capacitor. Some resistance is always 
present, however. At low to moderately high frequencies, most of this 
resistance will come from the wire from which the coil is wound. At very 
much higher frequencies, the majority of the resistance may come from the 
frequency energy loss in the capacitor. 

TUNED CIRCUITS 

The combination of an inductance and capacitance in series is the 
standard form of tuned circuit used in almost every radio receiver. It is 
drawn as shown in Fig. 7-4. At first, this would appear to show the coil and 
capacitor in parallel connection. However, the effective circuit is the 
“loop, ” which means that the coil and capacitor are effectively in series. 

To make the circuit tunable over a range of resonant frequencies, 
either component can be a variable type. The usual choice for antenna 
circuits is to make the capacitor variable. In practice, the coil may also have 



theoretical circuit practical equivalent 


Fig. 7-4. Theoretically, only a capacitor and inductance are involved in a reson¬ 
ant circuit. In practice, some resistance is always present as well. 


50 


ariable characteristics. It is usually wound on a sleeve fitted on a ferrite 
ro d and capable of being moved up and down the rod, providing a means of 
varying the effective inductance. Once an optimum position has been found 
for the coil, it is cemented to the rod. In other words, the “variable” 
characteristics of the coil are used only for initial adjustment. After that, all 
adjustment of resonant frequency, or tuning, is done by the variable 

capacitor. 

To assist in selecting suitable component values, the resonant fre¬ 
quency formula can be rewritten: 


LC = 


10 12 
47T 2 f 2 


where L is in microhenrys ,C is in picofarads, and f is the frequency in kHz. 

Maximum values of variable capacitor used are normally 300 pF or 500 pF. 
The working formula for calculating a matching inductance value is: 

10 12 

L(microhenrys) - -—— 

4tt rC 

As an example, suppose the tuned circuit is to be designed to cover the 
medium waveband, or frequencies from 500 to 1,600 kHz; and a 500 pF 
tuning capacitor is to be used. It follows from the resonant frequency 
formula that maximum capacitance will correspond to the lowest resonant 
frequency (with a fixed inductance), which in this case is 500 kHz. Inserting 
these values in the working formula: 


L(microhenrys) = 


10 12 _ 

4tt 2 x (500) 2 x 500 


= 200 

Now check the resonant frequency when the capacitor is turned to its 
minimum value (which will probably be about 50 pF, associated with this 
value of inductance: 


7 

J 


10 1 ' 


4tt 2 LC 


10 1 ' 


4t t 2 x 200 x 50 


= 1,600 kHz 


This shows that a 50-500 pF variable capacitor will “tune” the circuit from 
1500 kHz (the highest frequency), down to 500 kHz satisfactorily. In other 
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words, it covers the whole of the medium wave broadcast band. 

If the final results achieved in the circuit do not provide quite the 
coverage required, for example, a station near one end of the band is not 
picked up, then there is still the possibility of “shifting” the frequency 
coverage in one direction or the other by adjusting the inductance (i.e., I 
sliding the coil up or down the ferrite rod). 

There are other types of tuned circuits which normally require adjust¬ 
ment only when initially setting up. These normally employ a “tunable” 
inductance (e.g., a coil wound on a form with an adjustable powdered-iron 
core). Such circuits may also be tuned by a trimmer capacitor; or both a 
trimmer capacitor and tunable inductance. The latter combination provides 
double tuning. 

SERIES-RESONANT CIRCUITS 

Another arrangement of the coil-capacitor combination is to connect 
them in series, Fig. 7-5. This produces a series-resonant circuit wherein the 
reactances of the coil and capacitor are again equal but opposite. The , 
difference is that it presents a low impedance at the terminals of the circuit 
(top and bottom). This low impedance has the effect of shunting the ac 
frequency of resonance out of the circuit. Frequencies other than the 
resonant one are not affected by the tuned circuit, as the off-resonance 
impedance is undisturbed. 

A common use for this type of circuit is to remove, or reduce in 
amplitude, any unwanted signals, while allowing all others to pass. A 
popular application of the series-resonant circuit is in the antenna or 
rf-amplifier stages of receivers, where it is often called a “wave-trap.” It ' 
can also be used quite effectively in transmitter power-amplifier stages to 
trap unwanted multiples (harmonics) of the fundamental frequency of oper¬ 
ation. 

RADIO-FREQUENCY CHOKES 

A radio frequency choke ( rfc ) is a coil or inductance so designed that it I 
has a relatively low ohmic resistance but a very high reactance at radio 


Fig. 7-5. A series-resonant circuit. 
The impedance across the terminals 
of the circuit is very low at the fre¬ 
quency of resonance; at the connec¬ 
tion between the capacitor and in¬ 
ductor, the impedance is very high. 
The capacitor is usually the variable 
element in this arrangement. 
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frequencies. It can thus pass dc but will block high frequency ac when the 
two are present in the same circuit—Fig. 7-6. In other words, it really 
works the opposite to a capacitor as a circuit element in this respect. 

Fig. 7-6. Typical appearance of chokes wound on a ferrite core. 



The characteristics of any rfc will vary with frequency. At high fre¬ 
quencies it will have characteristics similar to that of a parallel-resonant 
circuit; and at low frequencies characteristics similar to that of a series- 
resonant circuit. At intermediate frequencies, it will have intermediate 
characteristics. The actual characteristics are relatively unimportant when 
an rfc is used for series feed because the rf voltage across the choke is 
negligible. If used for parallel feed (where the choke is shunted across a 
tank circuit), it must have sufficiently high impedance at the lowest fre¬ 
quencies and no series-resonance characteristics at the higher frequencies 
in order to reduce power absorption to a suitable level. Otherwise, there 
will be a danger of the choke being overloaded and burned out. 

Chokes designed to maintain at least a critical value of inductance over 
the likely range of current likely to flow through them are called swinging 
chokes. They are used as input filters on power supplies to reduce “ripple,” 
or residual ac content. Chokes designed specifically for smoothing ripple, 
and having a substantially constant inductance, independent of changes in 
current, are known as smoothing chokes. 
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Chapter 8 



Transformers 

A transformer consists of two coils so positioned that they have mutual 
inductance. This magnetic “coupling” effect can be further enhanced by 
winding the two coils on a common iron core, see Fig. 8-1. The coil which is 
connected to the source of supply is called the primary (winding), and the 
other coil is called the secondary (winding). In order to transfer electrical 
energy from primary to secondary, the magnetic field must be continually 
changing, i.e., the supply must be ac. 

One of the most useful characteristics of a transformer is its ability to 
provide step-down (or step-up) of ac voltages. The step-down (or step-up) 
ratio will be proportional to the number of turns in each coil: 

V = n /n x V 

s s p p 

where V s = secondary voltage 

n s — number of turns on secondary 
n p = number of turns on primary 
V p = primary voltage. 

The currents flowing in the primary and secondary follow a similar relation¬ 
ship, but in opposite ratio: 

I = n /n x I 

s p s p 

where I s = secondary current 
I = primary current. 

In other words, a step-down in voltage produces a step-up in current, and 
vice versa. 


iron core 



diagrammatic form symbolic form 

Fig 8-1 The simple iron-cored transformer. 

In practice, there will always be some losses due to the resistance of 
the coils and energy lost in hysteresis and eddy currents in the core (in the 
case of an iron-cored transformer), and also from reactance caused by a leak 
of inductance from both coils. Thus, the power which can be taken from the 
secondary is always less than the power put into the primary, the ratio of 
the two powers being a measure of the efficiency of the transformer. 

Typically, efficiency may range from 60 percent upwards, but is not 
necessarily constant. A transformer is usually designed to have its 
maximum efficiency at its rated power output. Its actual efficiency figure 
will decrease if the output is higher or lower. This loss of power appears in 
the form of heat. Thus, overloading a transformer can both reduce its 
efficiency and increase the heating effect. Operating at reduced output has 
no harmful effect, except for reducing efficiency because the actual power 
loss (and thus heating effect) is lowered. 

TRANSFORMERS AS POWER SUPPLIES 

By selecting a suitable turns ratio, a transformer can be used directly 
to convert an ac supply voltage into a lower (or higher) ac output voltage at 
efficiencies which may be as high as 90 percent, Fig. 8-2. There are also 
applications where a 1:1 turns ratio transformer is used, providing the same 
ac output voltage as the ac input voltage, where it is desirable to isolate 
the supply from the output circuit. All transformers do, of course, provide 
physical separation of input and output circuits, but the degree of isolation 



Step-down transformer Step-up transformer 

Fi 9- 8-2. Step-down and step-up transformers defined. In practice, transformers 
ar e often drawn in symbolic form with both coils of the same length, regardless of 
ac tual turns ratio. 
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safety is very much dependent on the actual construction of the trano 
former. 

The more usual power-supply application of a transformer is to step, 
down an ac voltage into some lower dc voltage output. The transformer wi]] 
only provide voltage conversion. Additional components are needed in the 
output circuit to transform the converted ac voltage into a dc voltage. 

Two basic circuits for doing this are shown in Fig. 8-3. The first uses a I 
single diode and provides half-wave rectification, passing one half of each ac 
cycle as dc and suppressing the other half cycle. The purpose of the 
capacitor is to maintain the dc voltage output as far as possible by discharg-1 
ing on each “suppressed” half cycle, and for this a large value capacitor is 
required. Although a very simple circuit, it has the inherent disadvantage of 
generating high peak voltages and currents, especially if a high current is 
drawn from the output. Also, the dc output is far from smooth. It will have a 
“ripple” at the ac frequency. 



Fig. 8-3. Half-wave rectification of ac. 


Much can be done to smooth the output by adding an inductance or 
choke and a second capacitor, as shown in the second diagram. These two 
components work as a filter (see also Chapter 6). The design of the choke 
has to be specially matched to the requirements, offering low resistance to 
dc without becoming saturated, which could reduce its inductance. In 
particular circuits the inductance may be a swinging choke, when it is 
possible to eliminate the reservoir capacitor Cl. 

The first diagram of Fig. 8-4 shows a simple full-wave rectifier circuit 
added to the transformer (the secondary of which must be center tapped). 
For the same secondary voltage as the half-wave rectifier, the dc output 
voltage is now halved, but the current which can be drawn for a given 
rectifier rating is doubled. The reservoir capacitor charges and discharges 
alternately. This will produce a smoother dc supply, but ripple will still be 
present and in this case is equal to twice the ac frequency. 

The more usual form of full-wave rectifier is the bridge circuit, shown 
in the second diagram of Fig. 8-4. This gives approximately the same 
no-load voltage as a half-wave rectifier with the advantage of full-wave 
rectification and better smoothing. 

A practical circuit of this type is shown in Fig. 8-5. A single high value 
electrolytic capacitor is used for smoothing. Additional smoothing between 
stages fed from such a power supply may be provided by a resistor, 



p ig 8-4. Full-wave rectification of ac. 

associated with a decoupling capacitor (like Fig. 8-3). The resistor value 
can also be chosen to drop a specific amount of voltage if the previous 
stage(s) do not require the full power-supply output voltage. 


transformers as coupling devices 

Transformers are very useful coupling elements for ac circuits. As 
well as providing coupling they can step-up a voltage or current, and even 
more important for impedance matching. By choosing the proper turns ratio, 
the impedance of a fixed load can be transformed to any desired higher or 
lower impedance, within practical limits. This can be a particularly impor¬ 
tant requirement when coupling transistor radio stages. 

« • .i r_ii_:__ or»nii**c* 




Fig. 8-5. Practical power-supply circuit. A high value capacitor is used. The four 
diodes are bought as a single component called a bridge rectifier. 


where Z is the impedance of the transformer looking into 
P the primary terminals 

Z is the impedance of the load connected to the sec¬ 
ondary of the transformer 
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For impedance matching, it is therefore necessary to design the primary to 
provide the required Z p and select the turns ratio to satisfy the equation. 

AUTOTRANSFORMERS 

An autotransformer is a one-winding coil with an intermediate tapping 
point. The full length of the coil (usually) forms the primary, and the length 
of coil between the tapping point and one end of the coil serves as the 
secondary, Fig. 8-6. It works on exactly the same principle as a conven¬ 
tional transformer, with the voltage developed across the output propor¬ 
tional to the turns ratio of this length of coil to the full length of coil. 



Fig. 8-6. The autotransformer is a single full-length coil with a tapping point. 


Chapter 9 



Semiconductors 

Resistors capacitors and inductances are known as passive components. 
Devices which produce changes in circuit conditions by reacting to applied 
signals are known as active components. The majority of active componen s 
used in modem electronic circuits are semiconductors, or more correc y 

put, devices based on semiconductor materials. 

Put very simply, a semiconductor material is one which can be given 
predominance of mobile negative charges or electrons, or positive charges 
or “holes.” Current can flow through the material from the movement of 
both electrons and holes. This is quite different from the behavior of a 
normal conductor, where current flow is the result of electrons through the 

”^^0^ .=- be B ,-en ,o a amcU, limbed numberof 
materials by “doping” with minute traces of impurities. e wo 
semiconductor materials are germanium and silicon ( ot non me a 
“semi metals”). Doping can produce a material with either a P redo ™ nance 
of Positive charges (holes) resulting in a P-type material, or with a p 
dominance of Negative charges (electrons), known as an N-type matena , 
This does not become particularly significant until a single crysta 
germanium or silicon) is treated with both a P-type dope and an N-type 
dope. In this case, two separate regions are formed - a P-regron and an JN- 
region. Since these regions have opposite charges there wi e a en en 
for electrons to migrate from the N-zone to the P-zone, and holes to migrate 
from the P-zone into the N-zone. The effect will be a cancellation of charges 

in the region of the junction of the P-and N-zones, forming w atisca e 

depletion layer, Fig. 9-1. This layer, which contains no free e l ect ™ ns or 
holes, will then act as a barrier between the P-zone and the N-zone, 
preventine anv further migration of either electrons or holes. In effect, the 












P-<Jop* 


depletion 

layer 




Fig. 9-1. Four stages in the construction of a semiconductor diode, shown in 
simple diagrammatic form. 


barrier or depletion layer sets up a potential difference between the two 
regions and the device remains in a stable state until an external voltage is 
applied to it. 

Figure 9-2 shows what happens when an external voltage is applied to 
the device. In the first diagram, the + voltage is connected to the P-zone. 
Provided this voltage is sufficiently high to overcome the potential differ¬ 
ence setup in the construction of the device (which may be only a few tenths 
of a volt( it will repel holes in the P-zone towards the N-zone, and attract 
electrons in the N-zone into the P-zone. Effectively, the barrier or depletion 
layer will disappear and current will flow through the device. Voltage 
applied this way is known as forward bias. 

If the external voltage is applied the other way, as in the second 
diagram, the opposite effect is created, i.e., the thickness of the depletion 
layer will increase, thus building up a higher potential in the device, 
opposing the external voltage. The back voltage developed will be equal to 
that of the applied voltage, so no current will flow through the device. 
Voltage applied this way is known as negative bias. 

The device just described is a semiconductor diode. It has the basic 
characteristic of acting as a conductor when connected to an external 
voltage one way (forward bias), and as an insulator when connected the 
other way (reverse bias). 

Diode characteristics will be described in some detail later on, but 
having established the electronic picture of a diode, the same principles can 
be applied to explain the working of a transistor. 




TRANSISTORS 

Basically, a transistor is two diodes placed back-to-back with a com- 
mon middle layer, the middle layer in this case being much thinner than the 
other two. Two configurations are obviously possible, PNP or NPN (Fig. 
9-3). These descriptions are used to describe the two basic types of 
transistors. Because a transistor contains elements with two different 
polarities (i.e., P- and N-zones), it is referred to as a bipolar device, or 
bipolar transistor. 

A transistor has three elements, and to operate in a working circuit it is 
connected with two external voltages or polarities. One external voltage is 
working effectively as a diode. A transistor will, in fact, work as a diode by 
using just this connection and forgetting about the top half. An example is 
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forward bias 


reverse bias 


Fig 9-2. The two modes in which a diode can be worked. 



Fig. 9-3. Construction of a PNP and a NPN transistor, shown in simple diagram¬ 
matic form. 

the substitution of a transistor for a diode as the detector in a simple radio. 
It will work just as well as a diode because it is working as a diode in this 

C3Se - • , . , 
The diode circuit can be given forward or reverse bias. Connected with 

forward bias, as in the first diagram of Fig. 9-4, drawn for the PNP 
transistor, current will flow from P to the bottom N. If a second voltage is 
applied to the top and bottom sections of the transistor, with the same 
polarity applied to the bottom, the electrons already flowing through the 



Fi 9- 9-4. Bias and supply connections to a PNP transistor shown diagrammati- 
ca| ly (left) and in symbol form (right). 
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bottom N section will promote a flow of current through the transistor 
bottom-to-top. 

By controlling the degree of doping in the different layers of the 
transistor during manufacture, this ability to conduct current through the 
second circuit through the resistor can be very marked. Effectively, when 
the bottom half is forward biased, the bottom section acts as a generous 
source of free electrons (and because it emits electrons it is called the 
emitter). These are collected readily by the top half, which is consequently 
called the collector, but the actual amount of current which flows through 
this particular circuit is controlled by the bias applied at the center layer, 
which is called the base. 

Effectively, therefore, there are two separate working circuits when a 
transistor is working with correctly connected polarities, Fig. 9-5. One is 
the loop formed by the bias voltage supply encompassing the emitter and 
base. This is called the base circuit or input circuit. The second is the circuit 
formed by the collector voltage supply and all three elements of the 
transistor. This is called the collector circuit or output circuit. (Note: this 
description applies only when the emitter connection is common to both 
circuits—known as common emitter configuration. This is the most widely 
used way of connecting transistors, but there are, of course, two other 
alternative configurations— common base and common collector. But the 
same principles apply in the working of the transistor in each case). 

The particular advantage offered by this circuit is that a relatively 
small base current can control and instigate a very much larger collector 
current (or, more correctly, a small input power is capable of producing a 
much larger output power). In other words, the transistor works as an 
amplifier. 



input circuit output circuit 


Fig. 9-5. The two separate circuits involved in working a transistor. Direction of 
current flow is for a PNP transistor. 

With this mode of working, the base-emitter circuit is the input side, 
and the emitter through base to collector circuit is the output side. Although 
these have a common path through base and emitter, the two circuits are 
effectively separated by the fact that, as far as polarity of the base circuit is 
concerned, the base and upper half of the transistor are connected as a 
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biased diode. Hence there is no current flow from the basic circuit 

re ( Vel L collector circuit. , 

mt ° For the circuit to work, of course, polarities of both the base and 
tor circuits have to be correct (forward bias applied to the base 
C ° and the collector supply connected so that the polarity of the 
CirC m on element (the emitter) is the same from both voltage sources). This 
rlans that the polarity of the voltages must be correct for the type of 
alS ° • tor In the case of a PNP transistor, as described, the emitter 
"T, o P must be positive. It follows that both the base and collector are 
Sve” »n„«c,ed with respec, ,o .he emin.r. The symbol for PNP 
Ssistor has an arrow on the emitter indicating the direction of current 
J i.,, always towards the base. (P for positive, with a PNP transis- 

Wr) In the case of an NPN transistor, exactly the same working principles 
annlv but the polarities of both supplies are reversed, Fig. 9-6. That is to 
sav the emitter is always made negative relative to base and collector ( 
for negative in the case of an NPN transistor). This is also inferred by the 
reverse direction of the arrow on the emitter in the symbol for an NPN 
transistor, i.e., current flow away from the base. 



Fig. 9-6. Bias and supply connections to an NPN transistor, shown diagram- 
matically (left) and in symbolic form (right). 


PRACTICAL DIODES 

The typical appearance of a semiconductor diode is shown in Fig. 9-7. 
The cathode end is usually marked by a red dot or color band, or a + sign, 
and also usually with a type number consisting of one or more letters 
followed by figures. This identifies the diode by manufacturer and specific 
model. Specific type numbers are usually quoted for specific circuit de¬ 
signs, but many circuits are fairly noncritical as regards the type of diode 
used. 

Diodes may also be described in more general terms by the crystal 
material (germanium or silicon), and by construction. Here, choice can be 
more important. Germanium diodes start conducting at lower voltages than 
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silicon diodes (about 0.2 to 0.3 volts, as compared with 0.6 volts), but tend 
to have higher leakage currents when reverse biased, this leakage current 
increasing fairly substantial with increasing temperature. Thus, the ger¬ 
manium diode is inherently less efficient as a rectifier than a silicon diode, 
especially if reverse bias current is high enough to produce appreciable 
heating effect. On the other hand, a germanium diode is preferred to a 
silicon diode where very low operating voltages are involved because it 
starts to conduct at a lower forward voltage. 

The construction of a diode governs both its current-carrying 
capabilities when conducting, and its capacitance effect. The larger the 
junction area of a diode, the higher the current it can pass without 
overheating—this characteristic being desirable in high-power rectifiers, 
for example. On the other hand, increasing the junction area increases the 
readiness with which a diode will pass ac due to inherent capacitance 
effects. To reduce this effect to a minimum, a diode can be made from a 
single doped crystal (usually N-type), on which the point of a piece of spring 
wire rests. The end of this wire is given opposite doping (P-type). This 



forward voltage needed 
to overcome “barrier” 

Fig. 9-7. Working characteristics of a typical semiconductor diode. 

reduces the junction area to a minimum, such as a diode being known as a 
point-contact type. It is a favored type for use in circuits carrying high 
frequency ac signals, and forthis reason is sometimes called a signal diode. 

The typical characteristics of a diode are also shown in simple graphi¬ 
cal form in Fig. 9-7. Bias is represented by the voltage applied to the 
positive side, specifically referred to as anode voltage. Current flowing 
through the diode is referred to as anode current. 

With forward bias (positive voltage applied to the anode end of the 
diode), there will be at first no anode current until the inherent barrier 
voltage has been overcome (0.3 volts for a germanium diode; 0.6 volts for a 
silicon diode—regardless of the construction of either type). Any further 
increase in anode voltage will then produce a steep rise of anode current. In 
practice, it is necessary to limit this current with a resistor or equivalent 
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esistive load in the circuit to prevent the diode being overheated and the 

jnnctio^ith reverse b , as (negative voltage applied to the anode end of the 
. , ■) the only current flowing will be a very small leakage current of the 
rder of microamps only, and normally quite negligible. This leakage 
current does not increase appreciably with rise in (negative) anode voltage, 
nnre it has reached its saturation value. 

It will be appreciated that a diode will work in both a dc and an ac 
■r C uit In a dc circuit, it will conduct current if connected with forward bias. 

If connected the opposite way, it will act as a stop for current flow. An 
example of this type of use is where a diode is included in a dc circuit say 
the output side of a dc power supply—to eliminate any possibility of reverse 
polarity voltage surges occurring which could damage transistors in the 

same circuit (see Fig. 26-1). . , . 

In an ac circuit a diode will “chop" the applied ac, passing half cycles 

which are positive with respect to the + end of the diode, and stopping 
those half cycles which are negative with respect to + end of the diode. This 
is rectifier action, widely used in transforming an ac supply into a dc output. 
The same action is required of a detector in a radio circuit. Here the current 
applied to the diode is a mixture of dc and ac. The diode detector transforms 
this mixed input signal into a varying dc output, the variations following the 
form of the ac content of the signal. 

BASIC TRANSISTOR CIRCUITS 

The transistor in common-emitter configuration works as an amplifier, 
as previously explained. It needs two separate supply voltages one for 
bias and the other for the collector-but these do not necessarily have to 
come from separate batteries. They can be provided by a single supply 
(battery) taken to the common connection (the emitter) and the collector, 
and tapping the collector side to apply the necessary forward bias voltage to 
the base, dropped through a bias resistor. 

Abasic amplifier circuit then looks like Fig. 9-8. Tomakethe circuit do 
useful work, the collector current has to be fed through an output load, sue 



„ . . - NPN transistor 

PNP transistor 


Fig. 9-8. Simple current bias circuits for transistor working. 
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as a load resistor. These two diagrams also show clearly input and output as 
separate entities, and can clarify the point about amplification. The power j 
derived in the output is far greater than that put into the input. 

This very simple method of supplying both collector and bias voltages ' 
from a single source is known as current biasing. It needs only one resistor, j 
and it works. The resistor value is chosen to give a base-emitter voltage of 
the order of 0.1 to 0.2 volts for germanium transistors; and about 0.6 to 0.7 
for silicon transistors. It is not as stable as it should be for many circuits, 
however, particularly if a germanium transistor is used. Thus voltage bias 
is often preferred—Fig. 9-9. 

With voltage bias, two resistors (R1 and R2) are used to work as a 
divider. A resistor (R3) is also added in the emitter line to provide emitter 
feedback automatically, to control the bias voltage under varying working 
conditions. This latter resistor is also usually paralleled with a capacitor to 
provide further stabilization (but this may be omitted with silicon transis- ;■ 
tors). 

Determination of suitable component values is now more complicated 
since three resistors are involved. The actual base voltage can be calcu¬ 
lated from the following formula: 

R2 

base voltage = -x supply voltage 

(R1 + R2) 

The emitter voltage will be equal to this less the voltage between base and 
emitter (across the transistor). In most cases, a voltage drop of 1 volt in the 
case of germanium transistors and 3 volts with silicon transistors is the 
design aim. The emitter resistor (R3) also needs to be quite large so that 
there will be minimal changes in emitter current with any variation in the 
supply voltage. This can cause a little re-thinking about suitable values for 
R1 and R2, for the voltage developed across R3 must be very much greater 
than the voltage developed by the base current across the source resistance 
formed by the parallel combination of R1 and R2. 

TRANSISTOR CONSTRUCTION 

The original transistors were made from germanium crystals with 
point-contact construction. Later types, with considerably improved per¬ 
formance, are of alloy-junction or alloy-diffusion construction. Silicon 
transistors are usually made by the planar process (silicon planar process). 
Their characteristics can be further improved by adopting a modified planar 
process described as epitaxial, basically involving a preliminary process of 
forming an oriented layer (epitaxial layer) of lightly doped silicon over the 
silicon substrate. The transistor elements are subsequently formed within 
the layer rather than within the silicon substrate itself (as in the normal 
planar process). Epitaxial silicon planar transistors have superior charac¬ 
teristics for high frequency applications, notable in rf and i-f circuits for 
superhet radios. 


PNP transistor 


II 


NPN transistor 


Fig. 9-9- Voltage bias circuits for transistor working. 

Germanium and Silicon Transistors 

Just like diodes, transistors are made from either germanium or silicon 
crystals. Germanium transistors have low voltage losses but their charac¬ 
teristics are more liable to vary with temperature, so that the spread of 
characteristics under which they work in a circuit can be quite wide. They 
are also limited to a maximum working temperature of about 100° C. 

Silicon transistors are generally more stable and can operate at tem¬ 
peratures up to 150° C or more. They have lower leakage losses and higher 
voltage ratings, and are generally far better suited for use in high frequency 
circuits. 


The Shape of Transistors 

Transistors come in all sorts of shapes and sizes. However, the only 



F ig. 9-10. Some common transistor outlines (diagrams by Electrovalue, all 
dimensions in inches). 




problem where a specified type of transistor is to be used is correctly 
identifying the three leads. The position of these can be identified by 
reference to Fig. 9-10. The most common lead configuration is in line, with 
a circular case, when the leads follow in logical order—collector, base, 
emitter, with the collector lead being more widely spaced from the middle 
(base) lead than the emitter lead, looking at the bottom of the transistor 
from where the leads emerge. This does not apply when the case is partly 
circular with a flat on one side. Here the three leads are equi-spaced and 
with the flat side to the left (and looking at the bottom), the lead arrange¬ 
ment may be bee, cbe, or ebc. 

Power transistors are more readily identified by their elongated bot¬ 
tom with two mounting holes. In this case there will only be two leads—the 
emitter and base—and these will normally be marked. The collector is 
connected internally to the can, and so connection to the collector is via one 
of the mounting bolts or bottom of the can. 

FIELD-EFFECT TRANSISTORS 

The Field-Effect Transistor(or FET) is really a different type of semi¬ 
conductor device to a bipolar transistor, with characteristics more like a 
vacuum tube than a bipolar transistor. Its correct definition is a unipolar 
transistor. The way in which it works can be understood by presenting it in 
electronic picture form as in Fig. 9-11, where it can be seen that it consists 
of a channel of either P-type or N-type semiconductor material with a collar 
or gate of opposite type material at the center. This forms a semiconductor 
junction at this point. One end of the channel is called the source, and the 
other end the drain. 



N-channel FET P-chennel FET 

Fig. 9-11. Construction of field-effect transistors shown in simple diagrammatic 
form, together with appropriate symbols for FETs. 

An FET is connected in a similar manner to a bipolar transistor, with a 
bias voltage applied between gate and source, and a supply voltage applied 
across the center of the channel (i. e., between source and drain). 
The source is thus the common connection between the two circuits. 
Compared with a bipolar transistor, however, the bias voltage is reversed. 
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N-channel FET P-channel FET 

Fig. 9-12. Basic bias requirements for field-effect transistors. 

gate for bias. FETs, of either type, can also be-made withtwo'gate 

case the first gate becomes the stgnal gate (to which the input sjaMs 

applied) and the second gate becomes the control gate, with similar work g 

to a pentode tube (see Chapter 12). ... t a 1FET 

FETs are also classified by the mode in which they work. A JFE 
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works in the depletion mode , i.e., control of the extent of the depletion 
layer, and thus the “gate opening” being by the application of a bias voltage 
to the gate. An IGFET can work in this mode, or with opposite bias polarity 
in which case the effect is to produce an increasing “gate opening,” with 
enhanced (increased) source-to-drain current. This is called the enhance 
ment mode. 

An FET designed specifically to work in the enhancement mode has no 
channel to start with, only a gate. Application of a gate voltage causes a 
channel to be formed. 

The basic circuit of an FET amplifier is very simple, Fig. 9-13 (with 
polarity drawn for a P-channel FET). Instead of applying a definite negative 
bias to the gate, a high value resistor (Rl) is used to maintain the gate at 
substantially zero voltage. The value of resistor R2 is then selected to 
adjust the potential of the source to the required amount positive to the gate. 
The effect is then the same as if negative bias were applied direct to the 
gate. This arrangement will also be self-compensating with variations in 
source-to-drain current. The third resistor, R3, is a load resistor for the 
FET to set the design operating current. Capacitor Cl acts as a conductive 
path to remove signal currents from the source. 

Both junction-type (JFET) and insulated gate (IGFET) field-effect 
transistors are widely used, the latter having the wider application, par¬ 
ticularly in integrated circuits. The metal-oxide semiconductor FET, gen¬ 
erally referred to as a MOSFET, can be designed to work in either mode, 



Fig. 9-13. Basic FET amplifier circuit. Performance is generally superior to that of 
a bipolar transistor amplifier. 


i.e., as a depletion MOSFET, or enhancement MOSFET. The former is 
usually an N-channel device and the latter a P-channel device. P-channel 
MOSFETS working in the enhancement mode are by far the more popular, 
mainly because they are easy to produce. In fact, an N-channel MOSFET 
can be made smaller for the same duty, and has faster switching 
capabilities, and so really is to be preferred for LSI MOS systems (see also 
Chapter 13). 
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Neon Lamps, LEDs, and Liquid Crystals 

The neon lamb is a glow lamp consisting of a glass envelope fitted with two 
rid eke rodes and filled with an inert gas (neon or argon). If con- 

issspis 

the gas,l which case the 
8l0W The b ch e aracteristic performance of a neon tamp 
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results in rapid destruction of the lamp. t o have 

enough voltage for the neon to fire, an , 
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breakdown, voltage may be anything from a ou . i usually 
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ni 9 nn 1 |*™ Tyf ? iCal n , e0n lamp construc, i° n and characteristic performance. A 
neon lamp only works in a dc circuit. 


ingly, related to the voltage of the supply to which the neon will be 
connected. In the case of neon lamps to be operated off a 250 volt (mains) 
supply, a 220 k-ohm resistor is normally adequate, see Fig. 10-2. With 
some commercial lamps, the resistor may actually be built into the body of 
the assembly. 

Lacking any specific information on this subject, it can be assumed that 
a neon lamp will have no resistance when glowing, but will drop 80 volts. A 
suitable value for a ballast resistor can be calculated on this basis related to 
the actual voltage of the supply to be used, and assuming a “safe” current of 
say 0.2 milliamps, for example. 

For 250-volt supply, resistor has to drop 250 - 80 = 170 volts. 
Current through resistor and neon (in series) is to be 0.2 mA. Therefore: 


Resistance = 


volts 

amps 


170 

0.2 x 1/1000 


— 850 k ohms, or say 1 megohm. 


This should be playing safe with most commercial lamps. If the glow is not 
very bright, the value of the ballast resistor can be decreased to operate 
lamp farther along the normal glow region. However, the resistance should 
never be decreased so much that the whole of the negative electrode is 
covered by glow as this will indicate that the lamp is becoming overloaded 
and approaching the arc condition. 


Another point about the strength of the glow light is that it will 
normally appear brighter in light than in dark. In fact, in complete darkness 
the glow may be erratic and/or require a higher breakdown voltage to start 
it. Some lamps have a minute trace of radioactive gas added to the inert gas 
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230-250 neon Coy about 
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Fiq 1 0-2. In a practical circuit, a neon lamp is always connected in series with a 
ballast resistor to limit current flow. 


to stimulate ionization, then this particular effect will not be noticeable. 

Because of the constant-voltage characteristics of a neon lamp under 
normal glow conditions, it can be used as a voltage stabilizing device. Thus, 
in the circuit shown in Fig. 10-2, the output tapped from each side of the 
lamp will be a source of constant voltage as long as the lamp remains 
working in the normal glow region. This voltage will be the same as the 
nominal breakdown voltage of the lamp. 

The use of a neon lamp as a flasher in a relaxation oscillator circuit has 
already been described (Fig. 6-3, Chapter 6). A variation on this is shown in 
Fig. 10-3, using a 1 megohm potentiometer as the ballast resistor and two 
45-volt or four 22V2-volt dry batteries as the source of supply. The poten¬ 
tiometer is adjusted until the lamp lights. The control is then turned the 
other way until the lamp just goes out. Leaving the potentiometer in this 
position, the lamp should then flash at regular intervals determined by the 
value of the capacitor. 



Fig. 10-3. Adjustable rate flasher circuit. 

An adaption of this circuit is shown in Fig. 10-4, where the circuit is 
switched by a Morse key. Phones can be connected across the point shown 
to listen into the Morse signals, which are also visible as a flashing light. An 
ordinary bulb would work just as well as a visible indicator (and with a much 
lower voltage required), but in this case the signals would only be heard as 
clicks. With the neon circuit, the actual oscillation of the relaxation oscil¬ 
lator is heard. The time constant of the circuit is governed by the value of 
the capacitor and the setting of the ballast potentiometer. 

A further extension of the use of a neon lamp as an oscillator in a 
relaxation oscillator circuit is shown in Fig. 10-5. This is a true signal 
generator circuit, the output of which should be audible in headphones or 
even a small loudspeaker, with the tone adjustable by the potentiometer. 
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Fig. 10-4. Morse code flasher circuit. 



Fig. 10-5. Simple tone generator based on an NE-2 miniature neon lamp. 


Neon flashers can be made to work in random fashion (again see 
Chapter 6), or sequentially. A circuit for a sequential flasher is shown in 
Fig. 10-6. More stages can be added to this circuit, if desired, taking the 
connection of C3 to the last stage. 



Fig. 10-6. Sequential flasher using NE-2 miniature neon lamps (or equivalent). 


Finally, an astable multivibrator circuit is shown in Fig. 10-7, using two 
lamps. These will flash on and off in sequence at a rate determined by R1 
and R2 (which should be equal in value) and Cl. 

As a general guide to flasher timing, increasing the value of the ballast 
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• tor or the capacitor in the relaxation oscillator circuit will sbw the rate 
flashing; and vice versa. To preserve the life of a typical lamp, however, 
0 value of ballast resistor used should not be less than about 100 k ohms; 

d best results in simple relaxation oscillator circuits will usually be 
achieved by keeping the capacitor value below 1 microfarad. 



Fig. 10-7. Astable multivibrator circuit, each neon flashing in turn. 

LEDs 

LED is short for Light-Emitting Diode. This is essentially a two 
element semiconductor device where the energy produced by conduction in 
a specific direction is radiated as light, the intensity of light being governed 
by the current flowing through the diode. In these respects, they are 
somewhat similar to neon lamps, but they light at very much lower forward 
voltages (typically 1.6 to 2 volts) and can generally draw higher forward 
currents without burning out (typically 20 mA). Originally the color of light 
emitted by LEDs was red, but now orange, yellow and green LEDs are also 
available. 

Again like neon lamps, an LED is invariably associated with a ballast 
resistor in series to limit the voltage applied to the LED and the current 
flowing through it. The value of resistor required is: 

V —V 

S I 

R= - 


where V = dc supply voltage 

S 

V = rated forward voltage of the LED 

I = rated forward current of the LED at specified for¬ 
ward voltage. 

Thus, for operating off, say, a 6-volt supply, a typical value for the ballast 
resistor would be (6 — 2)/20 x 10 3 = 200 ohms. 

In the case of an ac supply, a diode is connected in inverse parallel with 
the LED and the resistor value required is one half that given by the above 
formula, see also Fig. 10-8. 
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Fig. 10-8. LEDs are connected with a ballast resistor in series to drop the supply 
voltage to the required forward voltage. Note the symbol for an LED (light 
emitting diode). 

LEDs are very familiar in the form of groups, or LED displays, such as in 
calculators, digital instruments, etc. The most common form is a seven 
segment display and associated point, see Fig. 10-9. Such a display can light 
up numerals from 0 to 9, depending on the individual segments energized 
with or without the decimal point lighted. Each segment (or point) is, of 
course, an individual LED. 

Specific advantages of LEDs are that they require only low voltages 
are fast switching and can be produced in very small sizes, if required. The 
most widely used seven-segment displays, for example, give figures which 
are 0.3 in. or 0.5 in. high. Power consumption is relatively low, but an 
8-digit seven-segment display could have a maximum power consumption 
in excess of 2 watts (e.g., 8 x 7 x 20 mA at 2 volts). 

This can place restrictions on their applications to displays powered by 
miniature batteries, as in digital watches. To provide a reasonable battery 
life, the display is normally left in open circuit and only switched on for the 
short period when it is required to read the display. 


one side of each 
LEO segment nee 
e common connection 
(may be + side or 
- side). Not all pins 
may be connected 


o 

0 


■evtn- M Qrr w nt LED 


decimal point LED 


Fig. 10-9. Typical LED display, as used in calculators, etc. The eight LEDs are 
internally connected to a common cathode or common anode pin. 


LIQUID CRYSTAL 

The liquid crystal overcomes this particular power limitation since it 
can be activated by very much lower power (actually a tiny amount of heat, 
which can be produced by an equally tiny amount of electrical energy). Also, 
the display can be made much larger while still working at microscopic 
power levels, so that it can be left on all the time. The liquid crystal has its 
disadvantages, however. It is far less bright than an LED display, and also 
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« rs from dark effect (like a neon lamp in this respect). Thus to be legible 
in dim light, the liquid crystal display needs to be illuminated by a separate 

Ught Sd crystal displays operate with low voltage and low current, 
rurrent drain can be as little as 1 microamp (1 pA) per segment. A later 
apvelopment, the field-effect liquid crystal, can work on even lower volt- 
f drawing microscopic currents (of the order of 300 nA), again making 

;£Ta«-»ctive choice for battery-powered ^ The 

liquid crystal also has better contrast, giving a black image on a hgh 
background. 
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Chapter 11 



Other Components 

Separate descriptions of the other types of components likely to be met in 
electronic circuits are given in this chapter for ease of reference. Many are 
variations on standard components previously described, but with different 
working characteristics. The diode family, for example, is particularly 
numerous. 

THE DIODE FAMILY 

Diodes are used in a wide variety of applications. See Chapter 9 for 
information on general purpose diodes. 

Zener Diodes 

The Zener diode is a special type of silicon junction diode which has the 
particular characteristic that, when reversed bias voltage is applied and 
increased, there comes a point where the diode suddenly acts as a conduc¬ 
tor rather than an insulator. The point at which this occurs is called the 
breakdown voltage (or Zener point), which, once reached, remains constant, „ 
even if the negative bias voltage is increased. In other words, once nega¬ 
tively biased to, or beyond, the breakdown voltage, the voltage drop across 
the diode remains constant at its breakdown voltage value, regardless of 
the actual current flowing through the diode. 

This important characteristic makes Zener diodes particularly useful 
as a source of constant dc voltage, or stabilizing a supply voltage, using the 
type of connection shown in Fig. 11-1. A series resistor (R) is necessary to | 
limit the amount of current flowing through the diode, otherwise it could be 
burned out. Regardless of the value of the input volts, the voltage dropped 
across the Zener diode will remain constant, so any variations in the input 
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Fin 11-1 A Zener diode, working with reverse bias, breaks down at a specific 
reverse voltage. Connected as shown, it can be used as a source of constant 
Mnto tho Qwmhnl for a Zener diode. 




voltage will not affect the output voltage tapped from across the Zener 
diode. This voltage will be the breakdown voltage of the diode, which may 
range from about 2.7 volts up to 100 volts or more, depending on the 
construction of the Zener diode. If the input voltage falls below the break¬ 
down voltage, of course, the Zener diode will stop conducting and break the 

CirCU performance of a Zener diode as a voltage-stabilizing device is limited 
only by the power rating, which may be quite low-under 500 mW for the 
small Zener diodes, but up to 5 watts or more in larger sizes. Its stability 
will also be affected by the heating effect of the actual current flowing 
through it, causing a shift in the breakdown voltage, so the nominally 
constant voltage can vary with working temperature. If this is likely to be 
troublesome (the type of Zener diode used has a fairly high temperature 
coefficient of resistance), then connecting two similar diodes in series can 
greatly improve the temperature coefficient. Also, the power rating will be 

increased. 


Varicap Diodes 

Another special type of diode is the Varicap or varactor. These behave 
as capacitors with a high Q (see Chapter 6) when biased in the reverse 
direction, the actual capacitance value being dependent on the bias voltage 
applied. Typical applications are the automatic control of tuned circuits, 
“electronic tuning,” adjusting capacity in the circuit, and thus resonant 
frequency, in response to changes in signal voltage; automatic frequency 
control of local oscillator circuits in superhets and TV circuits; and also as 



p ig. 11-2. Alternative symbols for a Varicap. 
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frequency doublers and multipliers. Symbols for a Varicap are shown in Fig. 
11 - 2 . 

The tunnel diode is another type with special characteristics, unlike 
that of any other semiconductor device. It is constructed like an ordinary 
diode but the crystal is more heavily doped, resulting in an extremely thin 
barrier (potential layer). As a consequence, electrons can tunnel through 
this barrier. 

This makes the tunnel diode a good conductor with both forward and 
reverse voltage. Behavior, however, is quite extraordinary when the for¬ 
ward voltage is increased, see Fig. 11-3. Forward current at first rises with 
increasing forward voltage until it reaches a peak value. With increasing 
forward voltage, current then drops, to reach a minimum, or valley, value. 
After that it rises again with further increase in forward voltage. Worked in 
the region from peak voltage to valley voltage, the tunnel diode exhibits 
negative resistance characteristics. Another interesting feature is that any 
forward current value between peak and valley value is obtainable three 
times (at three different forward voltages). 



Fig. 11 -3. Symbols (left) and characteristic performance of a tunnel diode. From 
“peak” to “valley” it exhibits negative resistance. 

Tunnel diodes have a particular application for very high speed 
switching, with a particular application to pulse and digital circuitry, e.g., 
digital computers. 

Schottky Diode 

The Schottky diode is a metal semiconductor diode, formed by inte¬ 
grated circuit techniques and generally incorporated in ICs as a “clamp” 
between base and emitter of a transistor to prevent saturation. Voltage 
drop across such a diode is less than that of a conventional semiconductor 
diode for the same forward current. Otherwise, its characteristics are 
similar to that of a germanium diode. A typical circuit employing a Schottky 
diode is shown in Fig. 11-4. 


80 


symbol for 
Schottky transistor 


Fia n -4 Typical circuit for a Schottky diode (left) and the equivalent single 
component, a Schottky transistor (right). 

For such circuits (i.e., using a Schottky diode as a clamping device 
associated with a transistor) diode and transistor may be produced at the 
same time in processing the transistor. This combination device is called a 
Schottky transistor (see also Fig. 11-4). 


Photodiodes 

It is a general characteristic of semiconductor diodes that if they are 
reversed biased and the junction is illuminated, the reverse current flow 
will vary in proportion to the amount of light. This effect is utilized in 
photodiode which has a clear window through which light can fall on one side 
of the crystal and across the junction of the P- and N-zones. 

In effect, such a diode will work in a circuit as a variable resistance, the 
amount of resistance offered by the diode being dependent on the amount of 
light falling on the diode. In the dark, the photodiode will have normal 
reverse working characteristics, i.e., provide almost infinitely high resis¬ 
tance with no current flow. At increasing levels of illumination, resistance 
will become proportionately reduced, thus allowing increasing current to 
flow through the diode. The actual amount of current is proportionate to the 
illumination only, provided there is sufficient reverse voltage. In other 
words, once past the “knee” of the curve (Fig. 11-5), the diode currerit a 
any level of illumination will not increase substantially with increasing 
reverse voltage. 



Fig. 11-5. Symbol (left); and characteristic performance of a photodiode. 
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Photodiodes are extremely useful for working as light-operated 
switches, a simple circuit being shown in Fig. 11-6. They have a fairly high 
switching speed, so they can also be used as counters, counting each 
interruption of a beam of light as a pulse of current. 

There are two other types of light-sensitive diodes — the photovoltaic 
diode and the light emitting diode (or LED). The photovoltaic diode gener¬ 
ates voltage when illuminated by light, the resulting current produced in an 
associated circuit being proportional to the intensity of the light. This 
property is utilized in the construction of light meters. The amount of 
current produced by a photodiode can be very small, and so some amplifica¬ 
tion of the current may be introduced in such a circuit. Special types of 
photodiodes are known as photocells and are generally more suitable for use 
as practical light meters. 

The light-emitting diode works the opposite way round to a photodiode, 
emitting light when a current is passed through it. Light-emitting diodes 
are described in Chapter 10. 



Fig. 11 -6. Photodiode used as a “light" switch. The rise in current when the diode 
is illuminated makes the relay pull in completing an external circuit through the 
relay contacts. 


THE PHOTOTRANSISTOR 

The phototransistor is much more sensitive than the photodiode to 
changes in level of illumination, thus making a better “switching” device 



Fig. 11 -7. Practical “light switch" circuit using a phototransistor. The relay should 
be of sensitive type and adjusted to pull in at about 2 milliamps. The potentiome¬ 
ter is a sensitivity control. A diode connected across the relay will improve the 
working of this circuit. 
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here fairly small changes in level of illumination are present and must be 
detected. It works both as a photoconductive device and an amplifier of the 
current generated by incident light. A simple circuit employing a photo¬ 
transistor is shown in Fig. 11-7. 

A phototransistor and a light-emitting diode (see Chapter 10) may be 
combined in a single envelope, such a device being known as an opto- 
isolator. In this case, the LED provides the source of illumination to which 
the phototransistor reacts. It can be used in two working modes—either as 
a photodiode (Fig. 11-8) with the emitter of the transistor part left discon¬ 
nected, or as a phototransistor, see Fig. 11-9. In both cases, working is 
governed by the current flowing through the LED section. 



Fig. 11-8. Basic photovoltaic diode circuit (note symbol for photovoltaic diode). 
Shown on right is symbol for a photocell. 




Fig. 11-9. Opto-isolator (combined LED and phototransistor), working as a 
photodiode (left); and phototransistor (right). 

SOLAR CELLS 

The photodiode is a photovoltaic cell. That is to say, light falling on its 
junction produces a voltage. This voltage measured on open circuit (e.g., 
with a very-high-resistance voltmeter connected across the cell), 
is known as the photovoltaic potential of the cell. In this respect it is like a dry 
battery. Connected to an external load, the cell voltage will fall to some 
lower value dependent on the resistance in the circuit (see Chapter 18). 

Photovoltaic cells will develop a potential when illuminated by any 
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source of light. The photovoltaic potential will depend on the construction 
of the cell, but for any given cell, will be proportional to the intensity of the 
light. 

The solar cell is a photovoltaic cell (silicon photodiode) designed to 
respond to sunlight. Typically, it is a small wafer about Vi in. (6.5mm) 
square, coated with varnish to protect the junction. In average sunlight 
(about 3,000 lumens per sq. ft.), its photovoltaic potential is of the order of 
500 mV. Connected to a 100-ohm load, it will generate an output current of 
about 3 mA. 

To get higher voltages and currents from a solar battery, a number of 
cells have to be used connected in series-parallel. Series connection gives a 
cell voltage equal to the sum of the individual cell voltages. Parallel 
connection gives a current equal to the sum of the individual cell currents. 

Suppose, for example, the solar battery was intended to operate a 
circuit requiring a nominal 2 volts and give a current of 15 milliamps through 
a 100 ohm load. From the voltage consideration, number of cells required = 

2 divided by 500 mV ( voltage per cell) = 4 cells. 

From current considerations, number of cells required = 15dividedby 

3 (current per cell) = 15 cells. 

The solar battery required would thus have to consist of five rows each 
of four cells, each row consisting of four cells connected in series, and each 
row being connected together in parallel, Fig. 11-10. 



Fig. 11-10. Connections for a 2-volt solar battery to give a current of 15 milliamps 
through a 100 ohm load. 

A single solar cell can be used to measure solar power, or rather the 
strength of sunlight at any time. The cell is simply mounted on a suitable 
panel, sensitive side (negative side) facing outwards, and the two cell leads 
connected to a 0-10 milliammeter, Fig. 11-11A. Directed towards the sun, 
the meter will then give a reading representative of the strength of the 
sunlight. To measure maximum or peak radiation, point the cell directly 
towards the sun. To use the instrument as a device for plotting solar 
energy, called a radiometer, the panel should be pointed due south and tilted 
upwards at an angle approximately 10 degrees more than the local latitude. 
Readings are then taken at intervals throughout the day, indicating how 
much solar energy the panel is receiving. 
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If the meter readings are very low, add a shunt resistor across the 
pter (shown in broken lines) in Fig. 11-UB. This needs to be a very low 
alue (1 or 2 ohms only). Find a suitable value by trial and error to give near 
maximum meter reading in the brightest summer sunlight. 




milliammeter 


Fia 11-11 Aligning a photocell to measure solar energy (left). The circuit on the 
right is acomplete solar energy meter, the meter used being a 0-50 mill,amp 
type. 


RECTIFIERS 

The conventional diode is a rectifier, its maximum forward current 
capabilities being determined mainly by its junction area. For signal rectifi¬ 
cation, point contact diodes are usually preferred (see Chapter 9), which 
may limit maximum forward current to 30 to 50 mA, depending on type. 
Where higher powers are required, larger rectifier diodes can be used, wit 
maximum current ratings up to several amps. . 

In the case of power supplies (see Chapter 26), four diodes m'bridge 
configuration are normally used for full-wave rectification. Physically, this 
does not mean that four separate diodes have to be connected up, see Fig. 
8-5. Bridge rectifiers are available as integral units. The average voltage 
output from such a bridge is 0.9 times the root-mean-square voltage 
developed across the secondary of the transformer, less the voltage drop 

across the rectifier itself. . 

Metal plate rectifiers are still used for high-voltage applications. Each 
plate is essentially a diode, with a number of plates stacked in series or 
series-parallel to accommodate the voltage and power loading required. 
Exactly the same principle can be extended to semiconductor diodes. 
Selenium rectifiers, which were originally widely used for voltages up to 
about 100 rms have now been virtually replaced by silicon diodes. 

Silicon controlled rectifiers or SCRs (also known as thyristors) are 
silicon diodes with an additional electrode called a gate. If a bias voltage is 
applied to the gate to keep it at or near the same potential as the cathode of 
the diode, the thyristor behaves as if working with reverse voltage with 
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both directions of applied voltage, so only a small leakage current will flow 
If the gate is biased to be more positive than the cathode, the thyristor 
behaves as a normal diode. In other words, the gate can be used to turn the 
rectifier on (by positive bias on the gate), thus enabling forward current to 
be controlled (e.g., preventing forward current flowing over any required 
portion of a half cycle). 

A triac is a further variation on this principle, providing bidirectional 
control. It is virtually a double-ended thyristor which can be triggered 
with either positive or negative gate pulses. 

Structurally, an SCR is a four-layer diode, with connections to the 
inner layers. The terminal connected to the P-region nearest the cathode is 
the cathode gate, and the terminal connected to the N-region nearest the 
anode the anode gate, see Fig. 11-12, Both gates are brought out in a triac. 
Only the cathode gate is brought out in a thyristor. Both devices are 
essentially ac switches, the thyristor being effective only on one half of an 
ac voltage, and the triac being effective on both halves. 




Fig. 11-12, Symbols for thyristor and SCR. 

THERMISTORS AND SENSISTORS 

A thermistor is a device designed specifically to exploit the charac¬ 
teristic of many semiconductor materials to show marked reduction in 
resistance with increasing temperature. This is the opposite effect ex¬ 
hibited by most metal conductors where resistance increases with in¬ 
creasing temperature. 

The obvious value of a thermistor is to “balance” the effect of changes 
in temperature on component characteristics in a particular circuit, i.e., 
work as a compensating device by automatic adjustment of its resistance, 
down (or up), as working temperatures rise or fall and resistances of other 
components rise or fall. Compensation for temperature changes of as much 
as 100° C are possible with thermistors—a typical application being shown 
in Fig. 11-13. Here, the thermistor is used to stabilize the working values of 
the resistors in an audio amplifier circuit. 

Another use for a thermistor is to eliminate current surges when a 
circuit is switched on “from cold.” Certain circuits may tend to offer 
relatively low resistance when first switched on, which could produce a 
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cin n-13 Practical circuit incorporating a thermistor to counteract fluctuations 
jn^value of other resistors in the circuit due to heating effects or temperature 

changes. 

damaging surge of high current. A thermistor in the supply line with a 
relatively high “cold” resistance limits the initial peak current surge, its 
resistance value then dropping appreciably as it warms up so that the 
voltage dropped across the thermistor under normal working conditions is 

11681 Thermistors are made in the form of rods, looking rather like a carbon 
rod sintered from mixtures of metallic oxides. They are not made from the 
usual semiconductor materials (germanium and silicon) since the charac¬ 
teristics of a thermistor made from these materials would be too sensitive 

to impurities. , . ^ • 

Sensistors are similar devices working in the reverse mode i. e., their 

resistance increases with temperature, and vice versa. They thus behave 
like metallic conductors, although they are made from heavily doped 
semiconductor material. 
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Chapter 12 



Tubes 

Tubes (vacuum-tubes) are distinctly old-fashioned in these days of transis¬ 
tors and other semiconductor devices, yet they are still widely used in 
commercial circuits, especially where high power levels are involved. 

The basic form of a tube is an evacuated glass envelope containing two 
electrodes a cathode and anode. The cathode is heated, causing electrons 
to be emitted which are attracted by the anode, thus causing current to flow 
through the tube in the basic circuit shown in Fig. 12-1 (first diagram). 

The original form of heating was by a separate low-voltage supply to a 
wire filament forming the cathode. The later form is a cathode in the form of 
a tube with a separate heater element passing through it. This is known as 
an indirectly heated cathode, particular advantages being that there is no 
voltage drop across the cathode (and thus electron emission is more 
uniform), and also the heating filament can be connected to a separate ac 
supply, if necessary, rather than requiring a separate dc supply. Otherwise, 
the working of the tube is identical. Both require a filament supply and a 
separate high voltage supply. 

DIODES 

The simplest form of tube shown in Fig. 12-1 is called a diode, because 
it has two internal elements. Its working characteristics are that when the 
cathode is heated, application of voltage across the anode and cathode will 
cause a current to flow, the current value increasing with anode voltage up 
to the saturation point. Fig. 12-2. 

Current can only flow in one direction (i. e., positive connected to 
anode, when current will flow from anode to cathode in the opposite 
direction to electron flow (see Chapter 2). If the direction of HT is re- 



Fig 12-1 • Diode vacuum tubes with directly heated filament (left); and indirectly 
heated filament (right). 


saturation point 





anode volts - ► 

Fig. 12-2. Typical diode characteristics (left). To do useful work, the anode 
current must flow through a load resistor. 

versed, then the value will not conduct. In other words, a diode works as a 

rectifier in this case. . . . , , • tVl „ 

Note that in this “working” circuit a load resistor is included in t 

circuit. Without any external load in circuit, all the power input to a tube 
would be used up in heating the anode. To do useful work, a tube must work 
with a load of some kind or another, so that power is developed in the load. 
To work efficiently, most of the input power must do useful work; m the 
load, rather than in heating the anode. Thus the voltage drop across the load 
should be much higher than the voltage drop across the valve. 

TRIODES AND TETRODES 

If a third element, known as a grid, is inserted between the cathode an 
anode, a negative bias voltage can be applied to this to control the working o 
the tube and thus the anode current. Such a tube is known as a tnode, a basic 
circuit for which is shown in Fig. 12-3, together with characteristic perfor¬ 
mance curves. The advantage of this mode of working is that a small chang 
in bias voltage (or voltage applied to the grid) is just as effective as a arge 
change in anode voltage in bringing about a change in anode current. 







Fig. 12-3. A triode is a three-element tube. Anode current is controlled by the grid 
"bias” voltage. 

The triode is a particularly versatile type of tube which can readily be 
made to work as an amplifier, or an oscillator (an oscillator is really only an 
amplifier working with excessive feedback producing self-sustained oscil¬ 
lation). It does, however, have certain limitations which may be disadvan¬ 
tageous in certain circuits. One is that the inherent capacitance generated 
between the anode and grid can materially affect the performance of an 
amplifier circuit where the presence of this capacitance is aggravated by 
what is called “Miller effect.” To overcome this particular limitation, a 
positively biased second grid, called a screen grid can be inserted between 
the grid and anode. In effect this acts as an electrostatic shield to prevent 
capacitive coupling between the grid and anode. Such a four-element tube is 
known as a tetrode, see Fig. 12-4A. 

Even the tetrode is not without its faults. The cure for one limitation 
(interelectrode capacitance) has produced another fault. The screen grid 
tends to attract secondary emission electrons bouncing off the anode because 
it has a positive bias, whereas in the triode the only grid present is 
negatively biased and tends to repel secondary-emission electrons straight 
back to the anode. 


PENTODES 

To overcome this effect in a tetrode, a fifth element is added, called a 


o 

{£ 

l. anode 

. screen grid 

J 

0 

cathode 



Fig. 12-4. Tetrode (left) and pentode (right) tubes, shown in simple diagrammatic 
form. 


cutrbressor grid , inserted between the screen grid and the anode (Fig. 
12 3 b) This acts as a shield to prevent secondary emission electrons being 
attracted by the screen grid. A five-element valve of this type is called a 
pentode. 

the cathode-ray tube 

The cathode-ray tube has the same number of elements as a triode 
Cheated cathode anode, and grid) but works in an entirely different manner. 
Instead of electrons emitted by the cathode flowing to the anode ’ they " re 
ejected in the form of a narrow stream to impinge on the far end of the tu 
which is coated with a luminescent material or phosphor, so producing 
„oint of light. This point of light can be stationary or moving, its direction 
after emission from the far end of the tube being influenced by the magnetic 
field created by two additional sets of etertrodes w pUtes po^iajed 
richt ancles Fig. 12-5. This plates are designated X and Y. Voltage applied 
JSe xSte displaces the light spot in a horizontal direction; voltage 
aDDlied to the Y plates displace the light spot in a vertical direction. See 
r£Z afar a more detailed description of the working of. cathode-ra, 



It forts,, the center iine of the tube.the - JJTWj-Jg % 
light spot will travel up and down at the frequency of the 

usnallybetoofastforthespottobeide^e — 

of light in the form of a vertical line, Fig. 12-b. me leng 

proportional to the peak-to-peak voltage of the ac. oscillo- 

The more usual application of the cathode-ray tube is in an osci lo 

scope, where a voltage which is increasing at 3 ^spot 

X plates. If another varying voltage is then applied to he Y Plates^the sp 
will “draw” a time graph of this voltage, or ap.ctureofthew^/omofh 
voltage The X plate varying voltage supply is usually arranged so that 
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Fig. 12-6. Simple display of dc voltage (left) and ac voltage (right) on a cathode- 
ray tube. The vertical displacement is a measure of the value of the voltage 
concerned. 

the spot has swept the width of the screen it returns to the start and repeats 
the picture over and over again. 

The rate of repetition is determined by the time base of the X plate 
circuit, this being one of the most important features in oscilloscope design 
in order to achieve a steady trace at the required frequency. Separate 
“shift” controls are also usually provided for both X and Y deflection so that 
the starting point of the light spot can be set at any point on the screen. 
Amplifier circuits are also essential in order to be able to adjust the strength 
input signals applied to the Y plates, and also the X plates if these are also to 
be fed with an input signal instead of the time base. With these refinements 
(and others) the cathode-ray oscilloscope is one of the most useful tools an 
electronics engineer can have. 
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Chapter 13 
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Integrated Circuits 


which has been formed resistors, cap neces sary interconnections; 

required) to moke , complete circuit... »” e “ stof „„ IC chip 

the whole lot in micro-immature form,see i P 13 1 . is due to 

i, surprisingly low. Ze “ Hnch square wafer, fo, 

“ L"m" rSS 4000 ICS containing the equivalent of 
nearly a quarter of a million j ete c i rcu it in such a small 

.jsrrr sr 

Tra 7‘° ThefSn of'shee'l^material produced by 

diffusion inthe crystal or thinfilm (a millionth of an qo 

diode-type formulation (diffused junction capacitor) o again ^ 
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for diffused junction capacitors, and 800 pF for MOS capacitors. 

Inductances are another story. They cannot—as yet—be produced 
satisfactorily on silicon substrates using semi-conductor or thin-film 
techniques. Hence, if a circuit specifically needs an inductance in it, the 
corresponding IC chip is produced without it and an individual inductance is 

connected externally to the IC. Irc U( ,ir 

This, in fact, is common practice in the application of many ICs. 1 he Ib¬ 
is not absolutely complete. It contains the bulk of the components, but the 
final circuit is completed by connecting up additional components exter¬ 
nally. It is also usually designed as a multi-purpose circuit with a number of 
alternative connection points giving access to different parts of the circuit, 
so that when used with external components, connection can be made to 
appropriate points to produce a whole variety of different working circuits. 

MONOLITHIC AND HYBRID ICS 

Integrated circuits built into a single crystal are known as monolithic 
ICs, with the characteristic of incorporating all necessary interconnections. 
The problem of electrical isolation of individual components is solved by 
the processing technique used. 

In another type of construction, individual components, or complete 
circuits, are attached to the same substrate but physically separated. 
Interconnections are then made by bonded wires. This type of construction 
is known as a hybrid circuit. 

MSI AND LSI 

MSI stands for medium-scale integration; and LSI for large-scale 
integration, referring to the component density achieved. The figure of 50 
components per chip has already been mentioned as typical of conventional 
IC construction. These fall into the category of MSI chips, defined as having 
a component density of more than 12 but not more than 100 components per 
chip. LSI chips have a much higher component density—as many as 1,000 
components per chip. 

This is largely due to the considerable saving in component sizes 
possible using thin-film techniques instead of diffusion techniques, par¬ 
ticularly in the case of transistors. For example, an MOS transistor can be 
one tenth the size of a diffused bipolar transistor for the same duty. Hence 
many more components can be packed into the same size of IC chip. 

OP AMPS 

The operational amplifier or op amp is a type of IC used as the basic 
building block for numerous analog circuits and systems—amplifiers, com¬ 
puters, filters, voltage-to-current or current-to-voltage converters, mod¬ 
ulators, comparators, waveform generators, etc. It is a typical, almost 
complete circuit, used in conjunction with a few external components to 
complete the actual circuit required. Three typical circuits using a simp e 
op amp “chip” are shown in Fig. 13-2. 
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Fig. 13-2. Three amplifiers based on the CA 3035 1C, all giving a gain of about 
100. All externals capacitors are 10 n F. 

A. Input resistance 2 k ohms 

B. Input resistance 670 ohms 

C. Input resistance 50 k ohms 

D. Enlarged physical drawing of CA 3035. It looks like atypical transistor, but with 
10 loads (pins). The LA 3035 ‘chip’ actually incorporates three separate amplifier 
stages with the equivalent of 10 transistors, 15 resistors and 1 diode. Note how 
the three different circuits have different connection points into the actual 1C 
circuits. 


DIGITAL SYSTEMS ICS 

Digital systems work in discrete “steps,” or virtually by “counting” in 
terms of binary numbers. Basically, this calls for the use of logic elements 
or gates, together with a “memory” unit capable of storing binary numbers, 
generally called a flip-flop. Thus, a digital system is constructed from gates 
and flip-flops. Integrated circuits capable of performing the functions of 
binary addition, counting, decoding, multiplexing (date selection), memory 
and register, digital-to-analog conversion, and analog-to-digital con¬ 
version, are the basic building blocks for digital systems. 

These give rise to a considerable number of different logic families, 
which are difficult to understand without a knowledge of logic itself. Most of 
them are NAND gates because all logic functions (except memory) can be 
performed by this type of gate, the function of NAND being explained very 
simply with reference to Fig. 13-3. A and B are two separate inputs to the 
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Inputs 


NAND 

gate 


output 


Y 


BO-►- 1 

Fig 13-3- The NAND gate shown in simple diagrammatic form. 

eate and Y is the output. There will be an output if there is input at either A 
or B, but not when there is input simultaneously at A and B NOT A AN 
R (NOT-AND is simplified to NAND). „ 

The same principle applies with more than two inputs. Further, t e 
NAND gate is easily modified to form any of the other logic functions by 
negation or inversion, modifying the response. These functions are (still 
restricting description to two inputs): 

AND—output when A and B input signals are both present 
OR—output when input A or B is present 

(This is different to a NAND gate, for with no input at A or B there is no 
output, but with a NAND gate there is output.) 

NOR-NOT-OR 

Pursuing the subject of logic could fill the rest of the chapter, or even the 
whole book, so we will get back to digital integrated circuits. ^ 

Digital logic ICs are produced in various different families, iden¬ 
tified by letters. These letters are an abbreviation of the configuration of 
the gate circuit employed. The main families are: 

TTL (transistor-transistor logic)—the most popular family with a 
capability for performing a large number of functions. A TTL is a NAND 
gate. 

DTL (diode-transistor logic)—another major family, and again a 
NAND gate. Its number of functions are more limited. 

RTL (resistor-transistor-logic)—a NOR gate which occupies min- 

DCTL (direct-coupled-transistor logic)—a NOR gate similar to an 
RTL, but without the base resistors. 

ECL (emitter-coupled logic)-and OR or NAND gate^ „„ 

MOS (metal-oxide-semiconductor logic). Also called a MObb 
since it uses field-effect transistors. These chips are of LSI construction, 
with a very high component density. Some 5,000 MOS devices can be 
accommodated in a chip about 0.15 in. cube. A MOS is a NAND gate. 

Regardless of the family used, the basic AND, OR, NAND and NOR 
gates are combined in one integrated chip of the same family in various 
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combinations of gates and flip-flops to perform specific circuit functions 
These functions may or may not be compatible with other families (e.g. 
TTL functions are compatible with DTL). Also there may be direct equiva¬ 
lents of the complete chip in different families (e.g., TTL, DTL and 
CMOS). Family development continues and more and more functions are 
continually appearing, performed by yet more and more ICs appearing on 
the market. 

ANALOG AND DIGITAL COMPUTERS 

There are two broad classes of computers —analog and digital. Analog 
computers work in terms of voltages proportional to numerical data. Digital 
computers work in steps, or binary logic. 

A very elementary form of analog computer is shown in Fig. 13-4, 
comprising two input potentiometers and an adjust potentiometer. The 
adjust potentiometer is used to set the meter reading to full scale deflection 
when both the input potentiometers are set to zero resistance. Movement 
of input potentiometer A will then produce a voltage drop in the circuit, 
shown by a reduction in the meter reading. This reduction will be propor¬ 
tional to the potentiometer movement. The same will happen if poten¬ 
tiometer B is adjusted. It is thus possible to calibrate the meter to indicate 
the position of either potentiometer A or potentiometer B setting. 



It follows that movement of potentiometer A (or B) can be “read” on 
the meter. If both potentiometers are set to mid-position, the adjust 
potentiometer can be used to set the meter needle in mid position. The 
scale can then be calibrated to read + values to one side—produced by 
moving either potentiometer to, say, the right, and—values to the other 
side—produced by moving either potentiometer to the left. Movement of 
either potentiometer will thus feed in a + or - signal, indicated by the 
meter. It follows that the circuit will, in fact, perform analog addition and 
subtraction of numerical values fed into it by movement of potentiometers A 
and B in appropriate directions and by calibrated amounts of movement. 
The circuit also demonstrates one other major characteristic of an analog 
computer. The information it can accept, and gives in “read out,” is 
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infinitely variable. Its accuracy does, however, depend on the signal volt- 
sees introduced remaining exactly proportional to the quantities they repre¬ 
sent. In practical analog computer circuits, feedback circuits are used o 

maintain this exact proportionality. 

The basic component used in analog computers is an IC (normally 

represented by a triangular symbol). In the normal mode, it is an opera¬ 
tional adder (summing amplifier), Fig. 13-5, adding the inputs (and taking 
account of their sign). Factoring can be introduced by adding resistor Rl, or 
direct multiplication or division by connection through a potential divider. 
Other mathematical processes can also be performed by the op amp 
differentiation by replacing Rl with a capacitor, and integration y rep acing 
R 2 with a capacitor. The op amp is therefore a most versatile mathematical 
device, especially associated with other op amps and related circuits. It can 
also be connected in the inverted mode to change the mathematical sign of 
an input. 



operational integrator 

operational adder 


Fig. 13-5. Operational adder (left) and operational integrator (right). 

The digital computer works in a much simpler way-and at first sight 
one which is much more limiting (although in fact this is not true), ft works 
basically with bistable circuits which are either “on or off and so all 
mathematical functions are performed in terms of binary numbers. Binary 
numbers are quite cumbersome when written out, e.g., 

0 is 0 in binary notation 

1 is 1 

2 is 10 (“one oh,” not ten) 

3 is 11 (“one one,” not eleven) 

4 is 100 
3 is 101 

already the binary number is getting quite lengthy, and by the time it has 
reached 100, 

100 is 1100100 in binary notation. 
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Not the sort of numbers to use for mental arithmetic, and when it comes to 
multiplication and division, multiplication is performed by repeated addi¬ 
tion, and division by repeated subtraction. 

But the system has one enormous advantage, as far as com¬ 
puter working is concerned. The “reading” of information is dependent only 
on whether a signal is present (on) or not (off). It does not depend on the 
strength of the signal at all, provided it is not weaker than a certain minimum 
necessary to trip the bistable circuit. Thus it should be—and is—a very 
much more precise system than an analog one. 

The fact that it is apparently cumbersome does not matter at all for 
computers. The speed at which a bistable circuit can work is so fast that the 
actual number of individual binary digits, or “bits, ” which the computer has 
to process is largely immaterial. And all the operations can be performed by 
logic gates connected in logic circuits to cover exactly the functions re¬ 
quired. 

Another great advantage of digital circuits is that the basic information 
is simple on-off information which can readily be stored in a memory circuit, 
to be called back into the circuit at any point required. Storage can be done 
in magnetic cores (literally nothing more than tiny magnetic coils mounted at 
the crossing points on a grid of horizontal and vertical wires). A “bit” can be 
stored at any point in the memory, or recalled from the memory, by 
signaling that particular grid reference. 

Magnetic core memories have the advantage of being cheap, compact 
and reliable. Once the stored information has been recalled, however, it is 
lost from the memory (although some magnetic cores do have a facility to 
retain memory). For permanent storage, or where memory may be re¬ 
quired in sequence, magnetic tape is used. 

Today, solid-state memories are normally preferred to core 
memories, the main reason being that they are less expensive. Also they 
are, generally more reliable. Solid-state memories do have one basic 
disadvantage, though, they are volatile, meaning that if they lose power the 
memory content is also lost. This is typical of a RAM (random-access 
memory). 

There are various ways in which this limitation can be overcome, such 
as preprogramming, or “buming-in,” information which cannot be erased. 
An example of this is the PROM (programmable read-only memory). Also, 
there are erasable PROMS, and reprogrammable ROMs. 

Equally, for additional memory storage, a disk (“floppy disk”) is often 
preferred to tape. The reason in this case is the quicker access to a given 
point in the memory. This can be located directly in the case of a disk. With 
a tape, the actual position required on the tape has to be found by forward/ 
backward search along the length of the tape. 


Chapter 14 



1C Arrays 

; chip, can be divided broadly into two man 

iairs of transistors included man a y „. , n consists of 

An example of a simple IC array is shown » F•£ * ™ Zener 
hree transistors (two interconnected), two types ot 

“ Circuits are commonly 

voltage regulator using two of the transistors, th S t0 be 

C. are a„ 

the connection of external components to the c vp. d circuit For 

SZ, circuit i, drawn much larger,» 

proportion to the external components. necessarily follow the 

Note that the arrangement of the leads does i^om order to clarify 
schematic diagram (Fig. 14-1) where the.pm.. are on ICs 

connections to internal component^ e ac P diagrams may or 
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Fig. 14-1. CA3097E 1C array (schematic). 

may not follow in the same order (usually not). Connections for completing 
the circuit of Fig. 14-3 are: 

Leads 1, 2, and 3 are ignored as D1 is not used. 

Lead 4 connects one side of the Zener diode to the common ground 
line. 

Lead 5 to Lead 13, connects the Zener diode to the correct side of the 
SCR (diode). 

Leads 11 and 12 connect together (as the SCR is worked as a simple 
diode in this circuit, and the gate connection is not required). 

Now to pick up the transistor connections; The base of TR1 (15) 
connects to the external resistor Rl, and the collector lead (14) to the other 
side of Rl, which is also the input point for the circuit. The emitter lead (16) 
connects to output. 

TR2 and TR3 in the chip are interconnected, but only one of these transis¬ 
tors is required. Connecting lead (6) to (9) shorts out TR2, which is not 



Fig. 14-2. Voltage-regulator circuit using CA3097E array. 
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pleted. These are: 

•es 

The other end of the potenttometer to R4. 

The other end of R4 to the bottom common ground line. 

It will be appreciated from this 

numberofcomponentsinanarraymay equivalent 

the cost of the single C ^feLdividually to complete 

r^circ^t. using the IC will also be more compact and 

shows where further savings are^ossib^ 

Figure 14-4 for example ’ S ^ S ^ASO!jeEIC Sraywhich contains 5 

ansistors are used in this particular 

circuit, leaving two “spare. well as three resistors 

also be worked as diodes (by n g g , “snare” transistors in 

functions of D1 and D2 could be performed by the two spare 


Rl 



Fig. 14-3. Complete voltage-regulator circuit with wiring connections. 
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Fig. 14-4. Schematic diagram of CA3600 array (top) and voltage-doubler circuit 
(bottom). 


this input, in this case using discrete components for D1 and D2. Since 
diodes are cheaper than transistors, this is a more economic way of using all 
the components in the original array. 

The fact that popular ICs are quite cheap means that is seldom 
worthwhile going to elaborate methods of trying to use all the components 
available in an array, unless such utilization is fairly obvious, as above. 
Using only part of an array can still show savings over the purchase of 
individual components for many circuits. 

Component values for Fig. 14-4 are: 


R1 = 10 ohms 
R2 = 1 k-ohm 
Cl =2.5 fiF 
C2 = 2.5 
Diodes D1 an D2. 
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Transistor Characteristics 

A transistor is a three-electrode device, the connections being to base 
(designated B or b), emitter (designated E or e), and collector (designa e 
or c)^Invariably (except when a transistor is being used as a dwdeh 
electrode is common to both input and outputcircuits ^^n- 

(common emitter), or sometimes the base (common base). The common 

collector configuration is little used. 

DC PARAMETERS 

Thefourmain parameters governing the dc performance of a transistor 


are: 


• input voltage 

• input current 

• output voltage 

• output current 


V for average voltages, v for instantaneous voltages 
I for average currents, i for instantaneous currents 
For example- V , V , V means average values of base, collector, and 

ror example. * B > c . , ,, v mpa ns instantaneous values of 

^tter currents respectively, andVv v £ mean* ns tan 
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values of base, collector, and emitter currents, respectively, and ^ i, j 
means instantaneous values of base, collector, and emitter currents C re¬ 
spectively. 

Where instantaneous total values of voltage or current are referred to 
a capital subscript is used, with a lowercase letter designating voltage or 
current. Thus v B , v c , v £ mean instantaneous total values of base, collector 
and emitter voltage respectively, or i B> i c , i £ mean instantaneous total 
values of base, collector and emitter current respectively. 

It is also necessary to define the electrodes between which these 
voltages or currents apply. This is done by using the appropriate let¬ 
ters in the subscript: 


V B£ = average base-emitter voltage 
v fe = instantaneous base-emitter voltage 
v = instantaneous total base emitter voltage 
V = average collector-emitter voltage 

= instantaneous collector-emitter voltage 
v CE = instantaneous total collector-emitter voltage 
V BC = average base-collector voltage 
v^ = instantaneous base-collector voltage 
v BC = instantaneous total base-collector voltage 


Logically, these should conform to the voltage direction (positive to nega¬ 
tive), depending on whether the transistor is a PNP or NPN type, as in the 
following order: 


PNP transistor = EB, BC, BE (or eb, be, be) 
NPN transistor = BE, CB, EB (or be, cb, eb) 


INPUT CHARACTERISTICS 

The input characteristics of a transistor show the variation of input 
current with input voltage. In the common-emitter configuration, input is to 
the base, and base current (1^ is plotted against the base voltage measured 
between the base and emitter (V ). In the common-base configuration, 
input is to the emitter, so the input characteristics show the variation of 
emitter current (I e ) against emitter voltage measured between emitter and 
base (V eb ). 

These relationships are given graphically in Fig. 15-1. The input 
resistance in each case is the reciprocal of the slope of the curve and is 
therefore low. Because the input characteristics are non-linear (shown by a 
curve rather than a straight line), input resistance is not constant but 
depends on the current at which it is measured. Because of the non-linear 
characteristics of the input, a transistor is normally current biased and 
driven from a current rather than a voltage source. This is provided by using 
an effective source resistance which is large in comparison with the input 
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0.15 0.20 0.25 0.30 0.35 0.40 

Base voltage 


Fig. 15-1 • Typical transistor input characteristics. 


resistance. If this resistance (or, correctly speaking, impedance) is not high 
enough to swamp the varying resistance (impedance) of the transistor 
under drive, there will be considerable distortion of the input signal. 

TRANSFER CHARACTERISTICS 

Transfer characteristics of a transistor are normally given as a plot of 
collector current against base current, Fig. 15-2. Ideally, this should be a 
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Fig. 15-2. Typical transistor transfer characteristics. 
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straight line. Any departure from a linear (straight line) relationship implies 
non-linear distortion of the output signal. 

OUTPUT CHARACTERISTICS 

Output characteristic curves of a transistor show what is effectively a 
switch-on voltage (or knee voltage as it is called), above which a large 
change in collector voltage produces only a small change in collector 
current. Since resistance is again the reciprocal of the slope of this I /V 
curve, it follows that output resistance of a transistor is characteristically 
high. The value of the collector current, and to some extent the slope of the 
curve, also depends on the base current. Separate curves are thus plotted 
for (constant) base currents, see Fig. 15-3. Again, note that a constant base 
current is only obtained with a high source resistance in the base circuit. 
Also, any non-linearity in the transfer characteristics of the transistor 
shows up on the input characteristics as uneven spacing of the curves for 
equal increments in input current. 

CURRENT AMPLIFICATION 

A transistor is generally used as a current amplifier. Here, the base 
current controls the current in the emitter-collector circuit, although it may 
only be a small percentage of the emitter current. Current can be added in 
the usual way. Thus, emitter current equals collector current plus base 



Collector volts Collector volts, 

Small germanium transistor Small silicon transistor 


Fig. 15-3. Typical transistor output characteristics. 
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current; or, alternatively, base current equals emitter current minus col¬ 
lector current. 

In expressing the characteristics of the transistor, collector current 
divided by emitter current is designated a, and collector current divided by 
base current is designated a 1 , Knowing either a or a 1 , it is possible to find 
the currents at the other electrodes since 

a = a'/( 1 + a 1 ) 
and a 1 = a/(l - a) 

Actual values of a and a can vary with frequency and current for the same 
transistor. Straightforward, simple, analysis of transistor characteristics is 
based on low signal currents at zero frequency, i.e., small changes in direct 
current. To make this clear, the symbols a o and « o are sometimes used, the 

subscript “o” indicating zero frequency. 

The current amplification factor in common-emitter configuration 
(input to the base) is given by a (or « o ‘). It is largely independent of 
collector voltage, but is usually measured at some constant collector 
voltage. Specifically, the value of a 1 is directly related to the slope of the 
I /I curve, or the transfer characteristics. It is also called the small-signal 
gain of the transistor. Actual values may range from as low as 10 up to 

several hundreds. . 

In the common-base configuration, with input to emitter, the current 

amplification factor is designated a (or cO and is equivalent to the slope o 
the I /I curve. In this case, I c is always a little less than I e , so the value of a 
is always less than unity; typically of the order of 0.98. 

DC CURRENT GAIN 

Specifically, this is the ratio of 1^ in common-emitter configura ion 

and is generally referred to as /3 (strictly speaking /3’) or h^, the latter 
normally being the parameter quoted by manufacturers. /3 and h^ are not 
identical, and both vary with collector current. The quote h^, va ue 
therefore normally associated with a specific collector current. Common^ 
available transistors may have values of h FE varying from about 10 to 560 at 
collector currents ranging from 1 mA to 30 A. Here are some examples: 
Low and medium power germanium transistors', typical hp E range 30 
- 200 at collector currents from 1 mA to 300 mA. 

Small signal high frequency germanium transistors', typical h FE 
range 30-100 at collector currents from 1 mA to 10 mA. 

Germanium power transistors', typical h^ range 40-150 at collector 
currents from 500 mA to 1A. 

Small signal silicon transistors', typical ^ range 50-500 at collector cur¬ 
rents from 0.1 mA to 50 mA. 
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Medium power low frequency silicon transistors-, typical h pE range 
90-200 at collector currents from 10 mA to 150 mA. 

High power low frequency silicon transistors-, typical h pE range 
25-100 at collector currents from 150 mA to 5 A. 

Small signal high frequency silicon transistors-, typical h FE range 
40-100 and collector currents from 1 mA to 25 mA. 


MANUFACTURER'S SPECIFICATIONS 

Manufacturers’ normally provide curves showing the static (dc) 
characteristics of industrial transistors for both common emitter and com¬ 
mon base configurations, together with other characteristic values as ap¬ 
propriate. Summarized transistor data in catalogs or data sheets should 
give at least the following: 


V CEO (max) = 

maximum collector to emitter 
voltage on open current. 

V CBO (maX) = 

maximum collector to base 
voltage on open current. 

V EBO (maX) = 

maximum emitter to base 
voltage on open current. 

I (max) = 

C 

maximum collector current. 

P (max) or P (n[ (max) = 

maximum total power dissipa¬ 
tion. 

h EE = 

dc current gain (usually quoted 
as a typical figure at a specific 
collector current). 


To assist selection, such listings may be arranged in groups of (roughly) 
similar types, on the lines given previously. It is even more helpful when 
the design application is also shown for each transistor type, such as 
general purpose, switching, audio amp, etc. The following is a useful 
classification and guide: 

Germanium Transistors 

• small, medium-current, switching and general purpose. 

• medium-current switching, low power output. 


• small, medium-current amplifiers. 

• af amplifiers, low power output. 

0 complementary pairs. 

• high power output (power transistor). 


Silicon Transistors 


• af amplifiers, small signal, general purpose. 

• af amplifiers, low level, low noise. 

• small-signal amplifiers. 

0 rf amplifiers and oscillators. 

• medium-current switching, low power output. 

• high frequency, medium powers. 

0 general-purpose switching. 

• power transistors. 


Any reference to “power” grouping is largely arbitrary sine* there is no 
universal agreement on the range of power levels (referring to the 
maximum power rating of the particular transistor). Thus, low power may 
generally be taken to cover 100-250 mW, but such a grouping may include 
transistors with power ratings up to 1 watt. Similarly, medium power 
implies a possible power range of 250 mW to 1 W (but^mayexte_nd up to 5 
watts) Any transistor with a power rating of greater than 5 watts 
classified as a power transistor. Information about selecting transistors 
characteristics is given in the next chapter. 
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Chapter 16 



Basic Guide to Selecting Transistors 

Transistors are specified by code letters and/or numbers, which is only a 
manufacturer’s coding. Published circuit designs normally specify a par¬ 
ticular type of transistor, all the associated component values—such as 
resistors—then being determined with respect to the characteristics of the 
particular transistor specified. No problem there. Simply use the specified 
transistor—unless, as can happen, you find that it is unobtainable. 

In that case, there are basically three options. The first is to use an 
equivalent transistor, of different manufacture or type number, which has 
the same characteristics. For this you need a history of transistor equiva¬ 
lents from which to select an alternative. There are books available which 
give such equivalent listings, or, your local hobby shop, or parts distributor 
should be able to help. 

Equivalents given in such listings are seldom exact equivalents. They 
are more likely to be near-equivalent with sufficiently close characteristics 
to be used in “basic” circuits where component values are not too critical. 
Simple radio circuits are an example. In many cases with elementary 
circuits, almost any type of transistor of the same basic type (germanium or 
silicon), or better still, the same functional group, will work. 

Information on functional grouping is harder to come by. Manufactur¬ 
ers group their products in this way, but suppliers usually only list their 
stocks by type number, which is not very helpful without manufacturers’ 
catalogs to check on the functional group to which a particular transistor 
conforms. When you can find transistor types listed under functional 
groups, keep this material on file. It can be an invaluable guide in selecting 
transistors for a particular job. 
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pro-electron coding 

From the start of production of transistors, manufacturers adopted 
, heir own individual form of coding, such as a letter identifying the man- 
lacturer or general class of the group (functional group) with a number 
designating the particular design or development. Several attempts have 
Sen made to find a “universal” code, the most acceptable of which is 
orobably Pro-Electron coding. This consists of a two letter code fol owed 
by a serial number. The first letter indicates the semiconductor material. 


A = germanium 

B = variable-capacitance diodes 

C = af transistor (excluding power types) 

D = af power transistor 
F = rf transistor (excluding power types) 

L = rf power transistor 

S = switching transistor (excluding power types) 

V = power type switching transistor 

Y = rectifier diode 
Z = zener diode 


The serial number following the letter code consists of three figures if the 
de vice is intended for consumer applications, such as radio receivers, audio 

amnUfiers television receivers, etc. A serial number consisting of a single 

letter followed by two figures indicates the device is intended for industrial 

01 ^u'youftndWans^tors described by this code, then you should have no 
trouble in deciding to which functional group they bel ° n & 

The third option, if you cannot obtain a transistor sp 
particular circuit (or where the transistor type is no specified a all) is f 
to identify to which functional group it belongs. If it ,s used m an audio¬ 
frequency amplifier, forexample, it could be germanium group, osihcon. 

Decide which group logically applies. Then choose an available tran- 
sistor which belongs i„ this group and for which the cha««stio S nr. 

available (from the manufacturers data sheet). Then recalculate the c 

ponent values required around the characteristics of the chosen> tramufeK 
Do not assume it will be a “near-equivalent” to the one usedthe original 
circuit. It may be anything but (especially if the original one shifted was* 
germanium transistor, for example, and you decide to use a silicon 
tor as being in the same functional group). 


IDENTIFYING TRANSISTORS BY SHAPE 

While transistors are made in thousands of different types, the num r 
of shapes in which they are produced is more limited 
standardized in a simple code-TO (Transistor Outline) followed by 
number. 
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T01 is the original transistor shape—a cylindrical “can” with the three 
leads emerging in triangular pattern from the bottom. Looking at the 
bottom, the upper lead in the “triangle” is the base , the one to the right 
(marked by a color spot) the collector and the one to the left the emitter. The 
collector lead may also be more widely spaced from the base lead than is the 
emitter lead. 

In other TO shapes, the three leads may emerge in similar triangular 
pattern (but not necessarily with the same positions for base, collector, and 
emitter), or in-line. Just to confuse the issue, there are also sub-types of the 
same TO number shapes with different lead designations. The T092, for 
example, has three leads emerging in line parallel to a flat side, or an 
otherwise circular "can,” reading 1,2,3 from top to bottom, with the flat 
side to the right (looking at the bottom). 

To complicate things further, some transistors may have only two 
emerging leads (the third connected to the case internally), and some 
transistor outline shapes are found with more than three leads emerging 
from the base. These, in fact, are integrated circuits (ICs), packaged in the 
same outline shape as a transistor. More complex ICs are packaged in quite 
different form. 

Power transistors are easily identified by shape. They are metal cased 
with an elongated bottom and two mounting holes. In this case, there will 
only be two leads—the emitter and base—and these will normally be 
marked. The collector is connected internally to the can, and so connection 
to the collector is via one of the mounting bolts or bottom of the can. 

Examples of transistor outline shapes together with typical dimen¬ 
sions and lead identification are given in Fig. 9-10. 
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Chapter 17 



An amplifier can be defmied as a device, or circuit, providing multiplication 
of a signal, i.e., an output signal greater than the mput signa . 

IUs a characteristic of a transistor that it works as an amplifier 
signals. In the most widely used mode of connection of transistors forsuch 
duties with input and output circuits both connected to the emitt 
(common-emitter mode), the degree of amplification or client gamjs 
called the “beta” (j 8 ) of the transistor. This is given as h^ (or static forward 
current ratio) in transistor characteristics data. 

BASIC AMPLIFIER CIRCUITS 

A basic transistor amplifier circuit is very simple-and is 'denticalfor 
a PNP or NPN transistor, except for the battery polarity, see g_ • 
Virtually any low-power af transistor can be used in this circuit. The: bas 
resistor (R) must have a value providing a collector current »t«ceed»| 
the maximum specified rating for the transistor used, the actualcurrent 
flowing in the collector circuit also being influenced by the voltage of the 

batte Knowing the transistor characteristics, a suitable value for R in Fig. 
17-1 can be calculated as follows: 


battery voltage 

R = gain x —-- 7 

collector current 

battery voltage 
I 

C 


= h FE X 
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p-n-p TRANSISTOR 
Fig. 17-1. Basic amplifier circuit. 


n-p-n TRANSISTOR 


where I is equal to, or preferably less than, the specification figure for I c 
max. Example: A small signal transistor has the values of I c max = 250 mA, 
and h^ E = 30 to 90. Taking the maximum gain, and 175 mA as a “safe” 
working figure for the collector current: 

R = 90 x —— 


= 4,630 n 


A suitable (preferred-value) resistor would thus be 4.7 k. 

Figure 17-2 shows the complete circuit for an elementary af amplifier 
of this type, coupled to the “front end” of a basic crystal set. The detector 
(output) is coupled to the amplifier via capacitor C2, a suitable value for 
which would be 10 /xF or higher (20, 25, 30, 40, or 50 /xF): Capacitor Cl 
(0.001 fj,F) may not be necessary. The output load in the collector circuit is 
formed by high-impedance phones. 

Note that the polarity of the battery used to power this circuit is 



—— | ■! m — — "—^ 

CRYSTAL SET FRONT END' 


Fig. 17-2. Crystal set with one stage of amplification. 



PHONES 


Fiq 17-3. Crystal set with two stages of amplification. Component values 
matching OC71, OC72 or near equivalent for TR1 and TR2: 


R1, 6.8 or 10 k Cl, 0.001 /xF 

R2 4 7k C2, 8 or 10 /xF 

R3 22 k C3 ’ 8 or 10 

Battery voltage 6 to 9 V. 

important as far as the transistor connections is concerned and also because 
of the connections to the diode and C2 (which w.ll normally need to be an 
electrolytic type to provide the high-capacitance value required). With an 
NPN transistor, the battery polarity would be reversed, as would be the 

diode and electrolytic-capacitor connections. 

The same type of circuit can be used to provide additional amplifica¬ 
tion, if required, simply by adding another amplifier stage (Fig. 17-3). the 

second amplifier stage can be identical to the first, or based on a. hig: em¬ 
power transistor taking the output present and providing even greater gain. 
The load in the output (collector) of the first amplifier stage is provided by a 
resistor (R2) (which should be about the same value as the phone resis¬ 
tance, 3.3 to 4.7 k). The two stages are coupled by a capacitor (C3). Value 

of R3 depends on the second transistor used, and may be anything from 130 
to 1 k ohm. Capacitors C2 and C3 can be 10jxF or l ar 8 er _ 

A more compact two-stage amplifier circuit is shown in Fig. 17-4. 1 his 
may prove capable of operating a small loudspeaker direct, although the 
current drain will be quite high. 

Alternatively, three or four stages of amplification using low-power 
transistors, following a basic “front end” crystal set, should provide enough 
power to drive a small loudspeaker at the final output, through a suitable 
step-down transformer to provide an impedance match. 

Simple amplifier circuits of this type have the important limitation tha 
performance of the transistor(s) will tend to vary with temperature^ There 
is also the possibility of “thermal runaway” developing, which can destroy 

the transistors, because, as the external temperature increases the collec- 

1 - t • __ o fiirfVipr inrrpasp in 


tnr lrront olcn tpnflQ tf) 1 
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junction temperature. The effect is cumulative and goes from bad to worse, 
even to the point of ruining the transistor completely. It is possible to 
overcome this trouble by arranging for the circuit to be self-biasing or dc 
stabilized so that a constant collector current is provided, regardless of 
transistor type or temperature variations. In other words, the working 
point of the collector circuit is stabilized. 

A further advantage of a stabilized circuit is that it makes the perfor¬ 
mance of the amplifier less dependent on the characteristics of individual 
transistors, which can differ appreciably even for the same type. 
Capacitor-coupling between stages should be used, since this makes each 
stage independent, rather than inter-dependent. 

To achieve this, the original bias resistor is split into two separate 
values, R1 and R2 (see Fig. 17-5). A further bias resistor (R3) is applied 
directly to the emitter, in parallel with a capacitor (C) to act as a by-pass for 
af currents. 

A receiver design incorporating two stages of amplification with 
stabilized circuits, following a conventional front end is shown in Fig. 17-6. 
This, in fact, is about as far as it is practical to go with such a basic circuit 
because, although additional complete stages will provide more gain and 
greater final output power, any deficiency in the circuit will also be 
aggravated—notably lack of sensitivity and selectivity in the front end. 

The amplifier stages also provide a convenient point to insert a volume 
control into the receiver circuit. This takes the form of a potentiometer 
which can replace one of the bias resistors, or be placed in series with the 



Fig. 17-4. Amplifier for loudspeaker output. Components: 

TR1.0C44 R1, 6.8 k 

TR2, ADI 40 R2, 33 k 

C, 8 or 10 /xF 
Loudspeaker, 80 fl 





Fig. 17-5. Transistor amplifier stage with stabilized bias. Typical values for 
low/medium-power transistors: 


R1, 22 k 
R2, 10 k 
R3, 1 k 


C, 8 or 10 nF 


of the cum.. after the firs, stage of „p,ifi«ta Fig. 17-7. This .ill 


Amplifier Output Stages operatio „, which mean. 

that fte^o'fttoe™ r,i^l voltage appliedI to 

the, collector ament .Lays flows- F '* ure \ LI iL 
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A more economic way of producing satisfactory output power is to use 
a single transistor driver working a complementary pair of transistors (an 
NPN and a PNP selected with matched characteristics) in push-pull config¬ 
uration. The output power obtained from a pair of transistors in push-pull is 
considerably more than double the power obtained from a single transistor 
of the same type. 

With “Class B” operation, the transistors are biased to nearly cut-off, 
so that only a marginal current flows under “quiet” conditions. Push-pull 
outputs may, however, also be designed for “Class-AB” operation, with 
rather higher current drains. 

Basically, distortion is lowest with Class-A operation, while Class-B 
operation provides the lowest current drain but introduces the possibility of 
crossover distortion being present. This can be overcome by applying a 



Fig. 17-8. Basic Class-A amplifier circuit. 

120 


s|ighl forward bi. to each transistor. C.ass-AB offer, a comprise be- 
tw een the two. h u output circuits are shown in Figs. 17-9 

d i ‘he other using transfo^ 

and 1 hot’h interstage (between driver and push-pull input) and to the 
phng , bo* *nters g transfonner can provid e voltage step-up. An 

loudspeaker The coup g ig invar i a bly a step-down type to 

output transformer, on g tQ the require d output impedance. Both 

‘•“tS'iStaS their advantages and disadvattages. although for 
types Of circuits n u are usually preferred. 

isssrjKsr: 

small budspeaker succes^ny, VO ^ the other ex treme, 

required (higher still for larg P ^ threshold of audibility in 

high-impedance^phonesand 0.1 mA is a^normal ™n>mum poVe^yTsten- 


R4 



Fig. 17-9. Push-pull amplifier. Components: 

R1, 68 
R2, 1 
R3, 1 
R4, 1 k 
R5, 1 k 
Cl, 5 p.F 
C2, 250 p.F 
C3, 50 jhF 


TR1, BC109 

TR2, AC128 1 complementary pair 
TR3, AC176I 
Loudspeaker, 3 ft or 8 Cl 
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Fig. 17-10. Push-pull amplifier with transformer coupling. TR1 is the driver; TR2, 
TR3, ADI 40 or ADI 49. Typical component values: 

R1, R2 to match TR1 (depending on type used) 

R3, 1 k C2, 50 

R4, 100 C3, 50 /aF or 80 jiF 

R5, 4.7 k T1, coupling transformer 

R6, 10 T2, output transformer 


desirable. Higher signal levels will tend to “swamp” headphones but can, of 
course, be reduced by a volume control. Typical characteristics of head¬ 
phones, earpieces, and loudspeakers are: 

Headphones 

High-impedance type, dc resistance 2,000-4,000 ohms, typical im¬ 
pedance 10,000 ohms (at 1 kHz). 

Low-impedance types, (i) dc resistance 15 ohms, typical im¬ 
pedance 80 ohms (at 1 kHz); (ii) dc resistance 80 ohms, typical 
impedance 120 ohms (at 1 kHz). 

Earpieces 

High-impedance types, (i) dc resistance 2,000 ohms, typical im¬ 
pedance 15 ohms (at 1 kHz); (ii) dc resistance 14 ohms, typical 
impedance 60 ohms (at 1 kHz); (iii) dc resistance 60 ohms, typical 
impedance 250 ohms (at 1 kHz). 
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step-down transformer 
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z 
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: 
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low-impedance 

loudspeaker 


low-IMPEDANCE 
LOAD 


Fig. 17-11. Using an output transformer to balance the load. 

Loudspeakers 

Typical dc resistance 3 ohms, typical impedance 8-16 ohms. 

It will be obvious from a study of these figures that low-impedance phones 
a low-impedance earpiece, or a loudspeaker will be a mismatch for coup g 
to an output requiring a high-impedance load (as in the case of most of 

simole all-transistor output circuits). , , . ... __ 

P To employ low-impedance phones, earpiece, or a loudspeaker with an 

output requiring a high-impedance load, a matching step-down transformer 
(output transformer) must be used. The primary of the transformer then 
provides the required output load, indirectly coupled to the secondary 
which is connected the low-impedance phones or speaker Fig_ 17-11. 
turns ratio required from the transformer is easily calculated as. 

output load impedance required in ohms\ 

phone or speaker impedance in ohms / 

Some typical transformer ratios and their suitability for matching are: 



Ratio 

Listening 

device 

41:1 

Speaker 

35:1 

4-ohm earpiece 

30:1 

Speaker 

18:1 

14-ohm earpiece 

14:1 

15-ohm earpiece 

9:1 

60-ohm earpiece 

5:1 

80-ohm headphones 


Equivalent output 
load impedance ohms 


29,000 

20,000 

10,000 

20,000 

20,000 

20,000 

20,000 
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Chapter 18 



Oscillators 

An oscillator can be described in simple terms as an alternating current 
generator. Where only low frequencies are required, as in mains electricity 
for example, rotating machines offer a straightforward solution and can also 
operate at high power levels. In electronic circuits where very much higher 
ac frequencies are required, these are provided by oscillator circuits. They 
fall broadly into three types: resonant-frequency oscillators, crystal- 
controlled oscillators, and phase-shift oscillators. 

RESONANT-FREQUENCY OSCILLATORS 

Resonant-frequency oscillator circuits are based on the particular 
property of an inductance (L) and an associated capacitance (C) to exhibit 
resonance whereby the current flowing in the circuit will oscillate from 
positive to negative in a sinusoidal manner at a frequency determined only 
by the values of LandC. The demonstration circuit shown in Fig. 18-1 
illustrates the basic mode of working such a circuit. 

In the initial state, with the switch in position, there is a steady current 
flowing through the coil but with no appreciable voltage, and so the 
capacitor remains uncharged. Movement of the switch to position 2 puts a 
large negative bias on the gate of the FET so that the drain current is cut off. 
The resultant collapse of magnetic flux in the coil opposes the charge, so 
that current continues to flow into the capacitor, charging it up. Voltage 
across the capacitor can only increase at the expense of decreasing current, 
however, so a point is reached where the current falls to zero and the 
voltage is a maximum. 

At this point, the capacitor starts to discharge, generating a current in 
the reverse direction, and with falling voltage. This continues until the 
voltage has dropped to zero, corresponding to maximum reverse current. 


FET 






Inductance 


-r 


Capacitor 

C 


Fig. 18-1. Demonstration circuit for LC oscillator. 

Thp whole of the energy stored in the LC circuit is now returned to L but 
^ l iritv Consequently, the voltage starts to increase in a 

*' ..fve'SeS™ wift 'Current decreasing, ending np with the 
n6ga • u a in the reverse direction (maximum negative voltage) 

SSS5SS5S2S 

and over again at a frequency given by 

1 


2 7T x 


VlT 


Theoretically at least, with an ideal inductance and an ideal capacitor, 

to residence in the IX circuit}™ Q. as ,usten*id 
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critically damped and will not oscillate at all. In other words, if conditions 
are right for the LC circuit to start oscillating, this will be damped out 
completely in the first cycle. Equally, the higher the Q, the greater the 
length of time oscillation will continue. However, in a practical oscillator 
circuit, some energy must be supplied to the circuit to keep it oscillating, 
i.e., to replace the energy dissipated in the resistance present in the 
circuit. Also, this supply of energy needs to be provided automatically in a 
practical circuit. Figure 18-3 shows how the original demonstration circuit 
can be modified to provide just this. 

Here, the small coil inductively coupled to L generates a voltage 
exactly synchronized with the sinusoidal voltage generated in the LC 
circuit. The value of this voltage will depend on the number of turns in the 
small coil and how closely it is coupled to L—both being adjustable features 
in design. The induced voltage can, however, work with or against the 
voltage in the LC circuit. In other words, it will only work if the coil is 
connected one way. If the coupling is close, and the coil is connected the 
right way, such a circuit can be self-oscillating started up by random 
electron movements. 

PRACTICAL LC OSCILLATORS 

The basic requirements for a practical resonant-frequency or LC 
oscillator are thus an oscillatory circuit (L and C), associated with some 
means of maintaining oscillation (usually some form of amplifier such as a 




Fig. 18-4. Two basic oscillator circuits. 
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transistor, FET, or op-amp). Two basic methods of dotng this using a 
transistor as the maintaining amplifier are shown intF g. 18-4. InThe firs 
, an the L c circuit is tapped on the inductive side. This is the basis ot tn 
Hartley oscillator. In the second (B), the LC circuit ,s tapped on the 
capacitive side. This is the basis of the Colpitts osallator. Fracnca arcuns 
two imoortant types of oscillators are shown in Figs. 18-5 an 


CRYSTAL-CONTROLLED OSCILLATORS 

A quartz crystal with electrodes planted on opposite faces, is t e 

electrical equivalent of an inductance (L) resi f ^ e ac ^^^see Fig. 
(Cll in series with a much larger capacitance (C2) across them see g 

18 7 It is in fact a complete LC circuit with a specific resonant frequency 

S™; rangeVom alw kHz to several MHz, depending on^cry^ 
tvoe size how it is cut and how it is mounted. It also has the characteristic 
of a high Q with good stability, making it a most useful device to base an 
oscillator circuit around. It is also a more or less standard choice for a fixed 

of such circuits are A basic configuration is 


l 


/ 


Bias 

resistors 


L. 

I—'imr—I 


Cl 




C2 



Fig. 18-6. Practical Colpitts-oscillator circuit. 
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L 


1 

Crystal l~ I 


Fig. 18-7. Electrical circuit equivalent of a crystal. 

that, although a tuned circuit (LC combination) is included, the oscillator 
frequency is determined essentially by the resonant frequency of the 
crystal and not by the rest of the circuit. The tuning of the LC circuit can in 
fact, be relatively broad around this frequency, the crystal providing 
stabilized oscillator at a specific frequency. 

The frequency of a crystal-controlled oscillator can be adjusted within 
very narrow limits (usually less than 5 parts in 10,000) by means of a 
variable capacitor connected across it. However, since crystals are simple, 
inexpensive devices which can plug into a socket, a change of crystal is 
usually the simplest method of frequency adjustment. 

PHASE-SHIFT OSCILLATORS 

It is possible to produce an oscillator on the tuned-circuit principle by 
employing resistors instead of inductances. Basically, such circuits are 





Equivalent electrical circuit 
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filter networks (cascaded RC combinations), associated with an amplifier. 
A three-stage RC filter circuit is needed to provide a total phase difference 
of 180 degrees between current and voltage, with a small loss matched by 
the gain of the amplifier. A basic circuit of this type is shown in Fig. 18-9, 
using a transistor for the active element. A basic requirement for such a 
circuit to work is that the input to the amplifier must be at least 1//3 times 
the output in strength, where p is the gain of the transistor. This generally 
calls for the use of a transistor with a current gam of the order of 50 or 

better. . , , 

A particular advantage of phase-shift oscillators is that they can readily 

be varied in frequency over a wide range, using three variable capacitors, 
ganged together and varied simultaneously. Their most useful working 
range is from a few Hz to hundreds of kHz. At higher frequencies-in the 
MHz range and above—they are generally inferior to resonant-circuit 

oscillators. 

BRIDGE OSCILLATORS 

One other type of oscillator worth describing is the Wien-bridge 
oscillator (another phase-shift type) where a balanced bridge is used as the 
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Fig. 18-11. Basic resonant circuit oscillator with transistor amplifier. 

feedback network, see Fig. 18-10. To work, the loop gain must equal unity 
and must have zero phase. This is generally given by suitable selection of 
resistor values so that R2/(R1 + R2) is less than V 3 . 

The frequency of operation with this type is the frequency of the 

balanced bridge, or ——— Note that both the two resistor values and 
2tt RC. 

capacitor values on the left-hand side of the bridge are identical. The 
frequency of the oscillator can be changed by using different values for R, 
or, alternatively, for a variable-frequency oscillator, the two capacitors are 
replaced by ganged variable capacitors of identical value, varied simultane¬ 
ously. 

The majority of oscillator circuits, however, are based on resonant 
circuit or LC combinations of conventional form with a close-coupled 
second coil to promote self-oscillation. A basic circuit of this type is shown 
in Fig. 18-11. 


130 


Chapter 19 



Circuit Diagrams 


A circuit diagram i. a plan of a particular circuit 

f ' h Ctote'r r™g”da .imp., and clearly, 

avoiding crossing lines as fa, as possible, nor^their'actual 

but these are not always followed rigid y. circuit 

should read from let, to right. That mean, Stevens 

should start a, the extreme left and be fed through the ^ ^ 

The power supply for the circuit (sayab««r,“fte ”Z SI .< 

the circuit. At first this may seem a contradiction ot me ru , 

the power supply being put into the circuit. But it is not a trae np , 

it'asstfs* - te e ed fu 

=mg h a. ,e 

PP Nearly a/circuits are based on a common line“^supply This 
components in various stages are connected to one sid! I 9 -2. It 

common line is drawn at the bottom of the diagram, as shown g- 


+ 

o 


NK 




Fig. 19-1. Basic stages in a simple radio receiver. 

is generally referred to as the common ground line, although it may not 
have any actual connection to ground. 

A similar common line can also be drawn at the top of the diagram, 
representing the other side of the supply. Conventionally, this top line is 
the +, and the bottom or common line the -. This is not always convenient 
in designing transistor circuits, so this conventional polarity may be re¬ 
versed on some diagrams. 

Working on this basis, and replacing the boxes with individual compo¬ 
nents, the circuit diagram then looks something like Fig. 19-3. Each 
component is identified by a number, or may have its actual value given 
alongside. Reading the circuit is fairly straightforward—with a little prac¬ 
tice. Starting from the left, the input from the aerial is fed to L and Cl 
forming the tuned circuit. From there, it is passed through the diode 
detector to the amplifier (TR1). TR1 then feeds the final output stage 
(transistor TR2) driving the loudspeaker. A supply voltage is required only 
by TR1 and TR2, so the upper common line stops short at TR1 stage. The 
resistors in the top half regulate the supply; and those in the bottom half 
(connecting to the common bottom line) establish the working point of the 
transistors. Additional components (C2 and C3) are required for coupling 
between stages. 



Fig. 19-2. Stages shown with "common ground” and power supply connections. 
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: ig . 19 - 3 . The same stages drawn with all components and all connections 
equired. 




Fig. 19-4. Two methods of indicating connection to a common point. That on the 
right is often preferred for clarity. 

Sn far there should be no confusion at all in reading theoretical 

becomes more complex or contains a large number of mdmdual com^o 
nents. One common trick-of-the-trade used to 

lines (which could lead to mistakes in following a particular ™ i, ne 

arrow a connecting point, or separately 

connection-Fig. 19-5. Arrowing is usually applied to 

that this line is connected as an input to a separate stage ( com po- 

circuit). Showing a separate ground connection is common with compo 

133 









Fig. 19-5. The capacitor (C) is connected between top and bottom lines, but may 
be shown in a circuit diagram in either of these two ways. On the right are three 
ways of drawing crossing lines with no connection. Method 1 is the usual way. 
Method 2 is clearer; and method 3 clearer still. 

nents connected between the top line and bottom line. It indicates clearly 
that the component is to be connected to the ground line, and avoids having 
to draw this line in close proximity to other components or crossing other 
lines. 

What is less easy to read in terms of actual connections is a circuit 
incorporating a single physical component which may perform two (or 
more) separate functions. As a very simple example, a volume control 
potentiometer for a radio may also incorporate on-off switching. The two 
functional features of this single component may appear in quite separated 
parts of the circuit, e.g., the volume control prior to an amplifier stage and 
the switch function in the supply line at the far right—Fig. 19-6. 

This can be even more confusing at first where a ganged tuning 
capacitor, or a ganged switch is involved, its separate sections appearing in 
different parts of the circuit, although it is actually a single physical compo¬ 
nent. This is the logical—and by far the simplest—way of showing the 



Fig. 19-6. In this example, a single component (the potentiometer connections) 
appears in two separate parts of the circuit diagram. 


theoretical connections of the circuit, but when it comes to actual constmc- 
? on of the circuit, connections from two or more different parts of 
Viqup tn he taken to one particular component position. 

CirC As far as possible, actual physical layout of components should follow 
the same flow path positions as in the theoretical circuit diagram, adjusted 
as ne^ssary to get components into suitable positions for making connec- 
10 ^ Exceptions must arise, particularly as noted above Just as a 
theoretical diagram is designed to present the circuit in as simple a manner 
as possible with all theoretical connections clear, the working circuit mus 
also be planned to be as neat and simple as possible and also as logics 
csihle* as far as placement of components is concerned. It should be 
nlred as a complete wiring diagram, when it becomes a working plan. 
Almost inevitably, it will look more confused than the theoretical diagram, 
“obably a fair number of crossing wires (unless planned as a pruned 

a working diagram than on a theoretical circuit diagram 
lof curL. now (and thus .he polar,., .. an, 
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Fig. 19-8. Direction of current flow through PNP and NPN transistors. 

the same direction. Direction of current flow into the base of the transistor 
will be opposite to that of the emitter arrow direction. Figure 19-8 should 
make this clear. 

These rules for reading the current flow through transistors should 
also make it fairly simple to determine the current flow with horizontally 
connected components on the circuit diagram, and thus establish the cor¬ 
rect polarity for electrolytic capacitors appearing in these lines. 


Chapter 20 



) ne of the big problems facing most beginners is actually how to constru 
•orkina circuit i.e., turn a theoretical circuit diagram into a connected-up 
ssembly of components (with all the connections correct of course^ 
The following diagrams show six very simple 
nethods of tackling elementary circuit construction - all capable otjgiving 
mnd results with the minimum of trouble, and especially recommen e 


PINBOARD CONSTRUCTION 

Draw out the component layout for the circuit on a piece o in p y 



Fig. 20-1. Pinboard construction startsb, 
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even hard balsa sheet), using a ballpoint pen (not a lead pencil). Draw in all 
connections and mark points where common connections occur with a blob 
(just as on circuit diagrams). 

Cut out the panel to a suitable size. Drive copper tacks into each blob 
and simply solder the components in position. Complete additional connec¬ 
tions with plain wire, see Fig. 20-1. 

SKELETON ASSEMBLY 

Start again with a component drawing, this time on paper. Lay compo¬ 
nents in place, bending the leads of resistors and capacitors to complete 
connections. Other connections can be complete with two lengths of 16 
gauge copper wire for “top” and “bottom” control lines. Solder up all the 
connecting points, adding transistors last, see Fig. 20-2. Properly done, 
such a skeleton assembly can be quite rigid. 



Fig. 20-2. The same circuit as Fig. 20-1 tackled by just connecting components 
together via their open leads, and using bare wire for top and bottom lines. 



additional wiring 


bonded mounting 

This is very similar to skeleton assembly except that individual resis¬ 
tors and capacitors are stuck down to a rigid base panel cut from plastic 
sheet. Use five-minute epoxy for gluing the components in place. Fig. 20-3. 
This will produce a very strong bond in a few minutes. With the main 
components rigidly mounted you can then bend leads to produce the neces¬ 
sary connections and connection points for other components (e.g., tran¬ 
sistors). 

bus-bar assembly 

This is a neat and more “professional” way to tackle circuit construc¬ 
tion The top and bottom common lines of the circuit are laid down first y 
mounting two lengths of 16 gauge tinned copper wire in a sheet of plastic as 
shown. This will enable most of the resistors and capacitors to be mounted 
with one lead soldered in place. Complete the rest of the connections as for 
skeleton assembly, see Fig. 20-4. 



Fig 20-4 Lay down the top and bottom lines in tinned copper wire, permanently 
mounted on the panel. Shorter lengths of bare wire can be used for other 
_ Kw oniHorinn r.nmnonent eads in plac©. 


TAGB0ARD ASSEMBLY 

More durable, and neater, than the previous methods, this involves 
mounting strips of solder tags (called tag strips at each of the main con¬ 
necting points of the circuit layout. These tags can be riveted or bolted 
through the panel. Individual components are then mounted between tags. 
Any additional connections are formed by short lengths of wire between 
tags see Fig. 20-5. More time is needed to construct a proper tagboar 
than’with the previous methods, but complete tagboard stops are also 
, tr. ric individual tags mounted in two parallel rows. 


avoilohlo unth i 


Fig. 20-3. Bonded mounting is similar to Fig. 20-2 but all components (except 
transistors) are glued down to a base panel. Turn up ends of leads to form 
connecting points. 


PEGB0ARD CONSTRUCTION 

You can buy special terminal pillars to press into the holes in ordinary 
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Fig. 20-5. All the connecting points are formed by tag strips or individual tags 
mounted on the panel. Solder components to appropriate tags, and complete 
with additional wiring as necessary. 


pegboard and so set up connecting points for mounting components, Fig. 
20-6. These terminals have screw connecting points, so you can avoid 
soldering components in place. The main disadvantage is that a fairly large 
panel size is needed, even for a simple circuit, with components well spread 
out. But it is an easy method of building experimental circuits. 

There are various proprietary systems based on variations of the 
pegboard method. Veroboards are panels with rows of copper strips, each 
strip being drilled with a number of holes either 1 mm (0.04 in.) or 1.3 mm 
(0.052 in.) diameter. Matching pins (Veropins)can be inserted in appro¬ 
priate holes to form terminal pillars, and the copper strips cut as necessary 
to separate connecting points. Special tools are used for inserting the 
Veropins and for cutting the copper strips. Verostrip is a similar type of 
board except that the board is narrower (IV 2 in. wide) and the copper strips 
run across the board with a break down the center. Components can be 
mounted across or along the strips. 

Numerous solderless breadboards have also been developed where 
component leads are simply pushed into the boards where they are held by 
spring contacts. Contact points are arranged in parallel rows, with either a 
prearranged pattern of interconnection, or with basic busbar connections on 
top and bottom rows and others in common groups. Interconnection be¬ 
tween groups can be made by wires pushed into spare points in each 
separate group. 

The advantage of such a system is that, apart from avoiding soldering, 
circuits can easily be modified simply by pulling out a component and 
plugging into a different position. 

For permanent circuits, the beginner will probably find pegboard 
assembly the best proposition after he has gained some experience in 
circuit construction — and confidence in being able to draw out component 
layouts accurately. The ultimate for all forms of compact circuit construc¬ 
tion is, however, the printed circuit. Here components are mounted di- 



Fiq. 20-6. Pegboard assembly is similar to Fig. 20-5 except that the board is 
predrilled to accept terminal posts. Locate these posts at suitable points to act as 
common connecting points. Connect components to posts, then complete the 
additional wiring as necessary. Note: all these constructional drawings show the 
same circuit—a simple single-transistor radio receiver with preamplifier. Com¬ 
ponents required are: 


Ferrite rod aerial with coupling coil 
Cl —0-500 pF tuning capacitor 
C2-.01 ix F 
R1 —1 megohm 
R2—2.2 k ohm 

Diode—any germanium crystal diode 
Transistor—any rf transistor 


The circuit works off a 9 volt battery connected to A and B (po'arity depends 
on whetherthe transistor used is a PNPor NPN type). For listening, connect high 
impedence phones to points X and B. 

* 1 ___..;„i ^nrinortinnc are nnt C. IRUT'. 


(i) The ends of the main coil connect to the two tags on the tuning capacrtor (C1). 

(ii) One end of the coupling coil connects to the common connecting point of R1 


Oii) The other end of the coupling coil connects to the base lead (b) of the 
transistor 


rectly through holes in a plastic (or glass fiber) panel on which the circuit 
wiring has been reproduced by etching. This is a separate technique on its 
own, but easy enough to learn—see Chapter 21. 


General Rules 

Connections should always be soldered, for best results. This applies 
even on pegboards fitted with screw-type terminal pillars. The one excep¬ 
tion to the rule is solderless breadboards where connections are made by 
spring clips. In all cases, never rely on joints which are formed simply by 

twisting wires together. . , 

Use a small electric soldering iron for making all soldered joints, and 
resin-cored solder (electrical grade). Never use an acid type flux on sol¬ 
dered joints in electrical circuits. 
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Transistors can be damaged by excessive heat. When soldering i n 
place to a circuit, leave the leads quite long (at least 1 in.). Grip each lead 
with flat nose pliers behind the joint when soldering. The jaws of the pliers 
will then act as a heatsink, preventing overheating of the transistor. Once 
proficient at soldering, however, this precaution should not be necessary, 
especially in the case of silicon transistors. 

The most common reason why a particular circuit will not work is 
because one or more connections have been wrongly made. This is far more 
likely to be the cause of the trouble than a faulty component. Always check 
over all connections after you have made them, using the theoretical circuit 
diagram as the basic reference. Also with transistor circuits, be sure to 
connect the battery the right way (as shown on the circuit diagram). 



Chapter 21 



Printed Circuits 


The stock material for making printed circuit boards (PCBs) is copper-c ad 
phenolic resin laminate (SRBP) or glass-fiber laminate. For general use 
these boards are single-sided (clad on one side only) mid nominal^ 1.5mm 
thick (about 1/16 in.). The procedure for making a PCB involves. 

1. cutting the board to the required size and cleaning the copper 

2. SSng a drawing of the conductors required for the circuit on the 

copper in a resist ink. . . , , 

3 etching away uncovered copper areas in a chemical bath. 

4. removing the resist ink to expose the copper conducting areas or 

5. drilling the copper lands ready to take the component leads 

6. degreasing and cleaning the boards as necessary to ensure that the 
lands take solder readily. 


PLANNING THE CIRCUIT DRAWING 

Familiarity with the physical size of components to be accommodated 

on the board is essential, so that holes for leads, etc can ^ correctly 
positioned. There are two ways in which resistors and capacitors can b 
mounted—horizontally or vertically (Fig. 21-1). Horizontal mountmg .s 
usual for resistors as this reduces lead length to a minimum. Holes je then 
spaced a sufficient distance apart to allow for easy 90-degree fmg 
on the leads. The same consideration applied to tubular capacitors, 

mounted horizontally. . th „ n 

The physical size of capacitors, however, may be much a g 
resistors, when vertical mounting may be preferred to save space. Mount- 
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Fig. 21 -1. Horizontal mounting of components on a PC board takes up more 
space, but is usually more convenient than vertical mounting (except for transis 
tors). 

ing holes then only need to be a little more than half the diameter of the 
capacitor, matching the position of the top lead taken down the side of the 
capacitor. Some capacitors have both leads emerging from the same end, 
especially for vertical mounting on a PCB. Spacing between holes, how¬ 
ever, should not be less than twice the thickness of the board (i.e., Vs in.). 

Transistors need reasonably wide spacing for their leads. Exceptions 
are transistor types with leads intended to plug directly into a PCB, and 
certain power transistors needing special mounts. In these cases, hole 
positioning follows the transistor lead geometry. Integrated circuits nor¬ 
mally plug directly into matching IC sockets, the latter being mounted on 
the board in holes drilled to match the pin positions. 

Layout starts with a tentative design of component positions, sketch¬ 
ing in the connections required, (i.e., the areas of copper which will 
eventually form the conducting lands). No connections on a PCB can cross, 
and a certain amount of trial-and-error sketching is usually needed to 
achieve this requirement, altering component positions as necessary. If it 
seems impossible to achieve a complete circuit without crossing connec¬ 
tions, then such points can be terminated on the PC drawing on each side of 
the crossing point, and subsequently completed during assembly of the 
circuit by bridging with a short length of insulated wire, just as a component 
normally acts as a bridge between adjacent conductors, Fig. 21-2. 

FINAL DRAWING 

Having arrived at a suitable layout, with connecting points for compo¬ 
nent leads indicated by blobs (•), a tracing can then be made of this PCB 
plan. Certain general rules apply in preparing the final drawing. 

1. Conductors should not be less than 1/16 in. wide. 

2. Conductors should be spaced at least 1/32 in. apart. 

3. There should be at least 1/32 in. between a conductor and the edge 
of a panel. 

4. Bends of junctions in conductors should be radiused or filleted, not 
sharp-edged. 

5. Allow sufficient area of copper around a connecting point so that the 


Pin 21 -2 If it is (or seems) impossible to avoid a crossing connection on a PC 
board, stop the crossing lines short (left) and complete the connection with a 
bridge of insulated wire soldered in place. 

copper width at this point is at least twice that of the hole size 

subsequently to be drilled through it, and preferably more. (Typical 

hole sizes for miniature resistors, capacitors and transistors are 
1/32 in.). 

These points are illustrated in Fig. 21-3. 



Fig. 21 -3. Basic recommendations for planning conductor widths and spacings 
on PC boards. 


It is not necessary to draw all conductors neatly and uniform in 
thickness. Relatively large solid areas can be left to accommodate a number 
of common connecting points, simplifying the amount of drawing neces¬ 
sary, see Fig. 21-4. Large solid areas should, however, be avoided in any 
part of a circuit carrying high current as this could cause excessive heating 
of the copper, possibly making it delaminate as it expands. Thus, on a rcb 
for a mains-operated circuit, for example, the maximum area of any par¬ 
ticular copper land should not be more than about 1 square inch. 

The final drawing is transferred in reverse on to the copper (hence the 
use of tracing paper). This is because the circuit, as originally planned, 
shows the component side of the board, which is the plain side. Thus the 
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Fig. 21 -4. Quite large areas of copper can be left on low voltage battery powered 
circuits. There is no need for consistent widths (or shapes) of conductors. 


true pattern for the copper side is reversed, mirror-image fashion. But 
before transferring the drawing to the board, the copper surface must be 
cleaned. This is done by washing with detergent and then drying. 

A test for cleanliness is to hold the board copper-side up under a tap 
and let water run on to it. If the water flows freely over the whole area, it is 
free from grease. If dry patches appear on the copper, these areas are still 
greasy and require further cleaning. 

After tracing the (reversed image) pattern on to the copper, this 
pattern is then painted in with resist ink or a resist marker pen (much easier 
to use than a brush and ink). Make sure that all the land areas are properly 
filled, but avoid applying too much ink as this could overrun the required 
outlines. Finally, allow to dry, which should take about 10 to 15 minutes. 


Fig. 21-5. Example of a printed circuit design with copper area shown shaded 
and position of components indicated. 

1. Always drill with the copper side uppermost, i.e., drill through the 
copper into the board. 

2. Always use a sharp drill (preferably a new one). 

3. Always use a backing of hard material under the board to prevent 
the point of the drill tearing a lump out of the back of the board when 
the point breaks through. 

4. Spot the point to be drilled with a small center punch to prevent the 
drill running off its correct position when starting to drill. 

Use of an electric drill in a vertical drill stand is best for drilling PCBs. 
However, because of the small size of drill used, breakage rate of drills can 
be high if the work is pushed too hard. 

The original tracing will now come in handy again for marking the 
component positions on the plain side of the board, as a guide for component 
assembly—Fig. 21-5. Components are always assembled on the plain side, 


ETCHING 

The board is then transferred to an etching bath. This can consist of a 
solution of ferric chloride, or proprietary printed circuit etching fluid 
poured into a shallow plastic tray. The board is placed in the bath copper 
side up and left until all traces of copper have disappeared from the surface. 
Time taken for this will vary with the temperature of the solution and its 
strength. The process can be speeded up by “rocking” the bath gently or 
stirring with a soft brush. 

After etching is completed the board is removed, washed under run¬ 
ning water to remove any traces of chemical, and dried with a soft cloth. 
The etching solution can be kept for re-use, if required. 

To remove the resist ink, a further liquid known as etch-resist re¬ 
mover should be used. This can be brushed on to the board and then rubbed 
with a soft cloth, or applied to the cloth first and then rubbed over the board. 
It should only take a minute or so to remove all the ink, leaving the copper 


patterns fully uncovered and clean. Wash and dry the board again at this 
stage to remove any residual traces of etch-resist remover. 

Drilling comes next. The following rules are very important: 
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MOUNTING AND SOLDERING 

Before mounting components in position for soldering the copper side 
should be cleaned again. It will probably have picked up grease marks 
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through handling. An ordinary domestic powder cleaner is best for this, 
used wet or dry, and rubbed on with a soft cloth. The running water test can 
again be used as a check for cleanliness, but if the board is wetted, dry with 
a cloth. 


Components are normally soldered in place, one at a time, with their 
full lead length protruding. Excess length of wire is then cut off as close as 
possible to the solder. Some people, however, find it easier to cut the leads 


to length first, then solder. 

Provided soldered joints are completed rapidly, in not more than about 
3 seconds, heat-damage to either the board or a component is unlikely. If 
the iron has to be held in contact with the lead for longer than this, then 


something is wrong with the soldering technique and heat damage could 
result, either to the component or by the lifting of the copper land on the 
PCB. The most likely causes of overheating are using an iron which is not 
hot enough or too small for the job; attempting to rework a soldered joint 
which has not taken properly; and trying to remove a lead which has been 


soldered into the wrong hole. 


SIMPLIFIED PRINTED CIRCUIT CONSTRUCTION 

As a supplement to drawing—and for making neater straight lines— 
there are available rub-down transfer sheets of lines, bends, blobs for 
connecting points, etc., which can be used to build up the required pattern 
on the copper, supplemented with ink drawing where necessary. These 
transfer symbols are resistant to etching fluid, so serve the same function 
as drawn or painted lines, etc. 

It is also possible to buy self-adhesive copper foil precut in the form of 
lines, bends, etc, similar to transfer strips, but which can be pressed down 
on to a plain panel to complete a printed circuit directly, without the need 
for any etching treatment. Further shapes can be cut from self-adhesive 
copper foil blanks. With PC boards made up in this fashion continuous 
(conductor) sections can be made up from overlapping pieces, provided 
positive connection is made by solder applied over the joint line. 


L 
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Chapter 22 



Radio broadcasts consist of a radio frequency (rf) signal generated at a 
specific frequency allocated to a particular station, on which is superim¬ 
posed an audio frequency (af) signal. , 

Only rf will work for transmission. The af part, which is the actua 

sound content of the signal is, almost literally, carried on the back of the rf 
signal, the two together forming what is called a modulated signal. 

This combined signal can be produced in two different ways-amp- 
litude or up-and-down modulation, known as AM; and frequency modula¬ 
tion (actually a very small variation in rf signal frequency about its station 

frequency), known as FM. ,, 

AM is the simpler technique and is widely used for long wave, medium 

wave and short wave broadcasts. Broadcasting has always been referred to 
in terms of wavelengths instead of signal frequency, until comparatively 
recently. The relationship between wavelength and frequency is. 

300,000 

wavelengths (meters) = frequency> H z 

300,000 

frequency, Hz = wave l e ngth, meters" 


(The figure 300,000 is the speed of light in meters/sec., which is the speed 

at which radio frequency waves travel.) 

In the case of FM, very high transmitting frequencies are used and I it 
is generally referred to as VHF (very high frequency). Actual wavelengths 
are very short, and so it is much more convenient to speak offrequency, e 
usual range for FM broadcasts being 90-100 million Hertz (90-100 MHz). A 
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simple calculation will show that this means a wavelength of about 3.2 to 2.9 
meters or say 3 meters. 

Regardless of whether the broadcast is AM or FM, though, any radio 
frequency signal has the same basic requirement for receiving it. The 
presence of this signal has to be "found and then sorted out from signals 
from other broadcast stations. The “finding” device is the aerial, and the 
“sorting out” device is the tuned circuit, which together form the front end 
of a radio receiver as shown in Fig. 22-1 (the extreme left-hand part of a 
circuit diagram—see also Chapter 19). 

A tuned circuit consists, basically, of a coil and variable capacitor, 
which can be adjusted to show resonance or maximum response to a 
particular signal frequency applied to it. A full explanation of this behavior 
is given in Chapter 7. All the broadcast signals reaching the tuned circuit 
are very, very weak. Only that signal to which it is tuned is magnified by 
resonance, so that it stands out at a very much higher level of signal 
strength. 

An actual aerial wire connected to the tuned circuit may or may not be 
necessary. In the case of AM reception, the coil winding will also act as an 
efficient aerial wire, if wound on a ferrite rod. This dispenses with the need 
for an external aerial. The only disadvantage is that the tuned circuit will be 
directional, minimum signal strength being received when the ferrite rod is 
pointing towards the transmitter sending the signal, and maximum signal 
strength when the ferrite rod is at right angles to this direction. This effect 
is most noticeable on small radio receivers which have only moderate 
amplification. To receive certain stations at good listening level, even with 
maximum adjustment of volume, it may be necessary to adjust the position 
of the set. Larger receivers normally have enough amplification to compen¬ 
sate for this, but the effect can still be quite noticeable. Also, it is always 
best to operate a receiver below maximum amplification because this 
minimizes distortion of the signal. 


N/ 


aerial 

| coupling capacitor to minimise effect 
of aerial capacitance on tuned circuit 


coil wound on 
ferrite rod 


* 


coil 


variable capacitor 



Fig. 22-1. A variable capacitor and coil form the usual tuned circuit. Strictly 
speaking this tunes the aerial, if an external aerial wire is used. Most AM 
receivers use a ferrite rod aerial which does not require an external aerial. 


,tself is tuned ny maxing s 90 _ 10 0 MHz FM band, so a 

'“^e'.tae practical FM »e„a, forms are " ^ 

extending to 30 in.; a horizontal wire (or rod aerial) with 30 in. legs , 

folded dipole, as shown in Fig. 22-2. 


— 5 feet 


dipole aerial 


70-75 ohms impedance 
matching feeder cable 


5 feet 


folded dipole 


280-300 ohms impedance 
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Fig. 22-2. FM aerials need connecting to the set via a correctly matched feeder 
cable. 


DETECTION . . 

The tuned circuit is much simpler than the foregoing descriptions may 

aerial coils (or at least separated wings on a single ferrite rod) to cover g 

“Have, airdshort wave. So the 

receiver could involve three or more tuned circuits ^bk 

In the case of an FM receiver (or the tuning circuit for the h M 
of a mi b»d mtSvet). there is reall, no practical fr™^ ™ 

not be anything like as good as that of the co.l-and-capac.tor tuned 
“ ^'compensate for this, the FM receiver normaHy use^an ampUfier 

stage immediately following the aerial, known as a preamp 
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amplifier (because it is an amplifier of signals at radio frequency). This 
amplified signal is fed to the next stage of the receiver via a tuned output, a 
typical circuit of this type being shown in Fig. 22-3. 



Fig. 22-3. Basic rf amplifier (or preamplifier) circuit as used in most FM receivers. 


The detector stage following the tuned circuit can be extremely simple. 
In the case of AM, it only needs to be a diode connected to a potentiometer 
as its load. This potentiometer also acts as the volume control — Fig. 22-4. 

The signal passed on from the tuned circuit to the detector is a 
strengthened version of the original modulated broadcast signal. In other 
words, it contains both af and rf. The rf part has now done its job in getting 
the signal into the tuned circuit. Now it needs to be removed, which can be 
done by rectifying the signal. A diode does this job by “chopping off’ one 
half of the rf signal so that the output from the diode consists of half-cycles of 
rf. These half cycles have the af content of the signal still imposed, so the 
next requirement is to filter out the rf part to turn the output into an 
undulating dc signal. These undulations follow exactly the same variations 
as the af signal originally imposed on the transmitter rf signal at the 
transmitting station by a microphone, or recording. 

As explained in Chapter 6, a resistor and capacitor can act as a filter for 
any specific frequency required. Thus the diode detector is associated with 
a matching load (resistance) and associated capacitor forming the required 
filter circuit, e. g. see Fig. 22-4 — so that only varying dc is passed at output 
from the detector stage. It is usually coupled to the next stage by a 
capacitor, which has the further effect of balancing the varying dc signal 
about its zero line (i.e., giving it positive and negative values, rather than 
“all positive values”). 

In practice, the output load (R in Fig. 22-4) is usually a variable 
resistor, which component then also acts as a volume control. The fact that 
this is followed by a coupling capacitor also avoids any flow of dc through the 
moving contact (wiper) of this control and reduces any tendency to repro¬ 
duce “noise” by movement of this control. 

The aim in selecting the detector circuit components is that the signal 
passed by the diode is exactly the same as the original signal generated by 


the studio microphone (with certain losses and possible distortions.). Fed 
to a microphone working in reverse (i.e., headphones or a loudspeaker) 
they would be heard as the original speech or music, etc. But the signals at 
this stage are still too weak to have enough power to drive headphones or a 
loudspeaker, so the next step is to amplify the af signal passed by the 
detector. 



Fig. 22-4. Basic AM detector circuit. 

FM DETECTOR 

In the case of an FM receiver, the detector is a little more complicated. 
It has to detect how the frequency of the signal is varying, noUts ^npl.tude, 
so it has to extract the original frequency as well as apply rectificat . 
receivers invariably work on the superhet principle, so ^ ^quency to 
extracted is the intermediate frequency or l-f. A basic detector 
employs a three-winding transformer with primary and ^ c °" da g tUne ^° 
the intermediate frequency (by capacitors Cl and C2 n 22 5). U* 
third winding injects a voltage into the secondary circuit, each leg of which 
carries a diode, D1 and D2, associated with a capacitor C3 and L4. 

The working of this circuit is to detect variations in signal frequency i 


primary 


secondary 


diode I 


af output 


terms of an af output, so that the final output is exactly the same, in terms of 
signal content, as that from an AM detector. Thus it can be dealt with in the 
same way. The additional components R1 and C5 shown on the diagram are 
to suppress unwanted signals which may be present after detection. 


AMPLIFIER STAGES 

A single transistor can provide amplification of signal strength up to 
100 times or more (see Chapter 9 for typical amplifier circuits). The main 
requirement of the amplifier following the detector is that the transistor be 
specifically suitable for amplifying af (when it can act as a further block to 
any residual rf remaining in the input signal to the amplifier). Ideally, there 
should be no rf signal present at the input to the amplifier stage (it should 
have been filtered out in the detector stage), since any rf voltage presented 
to the amplifier stage could cause overloading. 

Theoretically, at least, any amount of amplification can be produced by 
adding additional transistor-amplifier stages (Fig. 22-6). This does, how¬ 
ever, greatly increase the chances of distorting the signal, so there are 
practical limits to the number of stages which are acceptable in simple 
circuits. Much better results can be produced by more sophisticated cir¬ 
cuits, particularly the superhet (see below), where first some intermediate 
signal is amplified before detection; and subsequently amplified again after 
detection. 



Fig. 22-6. Adding amplifier stages is not necessarily a good thing for amplifying 
an af signal as each stage can amplify distortion produced in the previous stage. 



OUTPUT STAGE 

The af amplifier output (or last af amplifier stage output if more than 
one stage is used) can develop enough power to drive a loudspeaker, as in 
Fig. 22-6, although there may be some problem in matching the (amplifier) 
output to the (loudspeaker) input, particularly using low to medium power 
transistors which require a high impedance load to match. Most loudspeak¬ 
ers have a load impedance of only 4-16 ohms. A basic solution here is to use 
an output transformer to match the different load characteristics, as in Fig. 
22-7. 

This relatively simple solution does, however, have one particular 
limitation (for the more technically minded, it is called a Class A output). It 
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is relatively inefficient and so draws a high current in providing a suitable 
listening level from the loudspeaker. It is satisfactory for use in car radios 
but represents too heavy a current dram for most other battery-powered 

rei C These normally use a Class B output circuit where the last amplifier 
transistor drives a pair of transistors which effectively work m a push-pu 1 
circuit operating the loudspeaker. The output power obtained is consider¬ 
ably more than double the power available from a single transistor ^so 
and output transformer is not necessary. Most modem af amplifiers 
radios end up in a push-pull output stage of this type, like the circuit shown 

m F The 2 limitations of simple radio receivers are mainly connected with 
the limitation of a detector. A detector is most effective working with an rf 
input voltage of 1 volt or more. Signals derived directly from an aerial 
circuit are seldom more than a few millivolts in strength, and the weaker 
the signal the less effectively they will be detected in any case. In other 
words, the range of stations that can be picked up is limited, and no amoun 
of amplification after detection can make up for this hnutation. 

This limitation, or tick oi sensitivity can be overcome by amplifying the 
incoming signal before detection, so that the detector is atways workmg 
with good signal strength. This can be done by rf amplification ofThe aenal 
signal by introducing an amplifier stage right at the beginning 5 of the c rcm 
as in the FM receiver (Fig. 22-3); or by the superhet working. The latter 
also improves the selectivity of a receiver, or its ability to tune in sharp y 
wanted signals and reject nearby station signals. 

THE SUPERHET 

Having arrived at a standardized output stage, it is equally true to say 
that nearly all modem radio receivers are of the superhet type. wh.cMs 
considerably more complicated than the circuit traced through above. The 
whole “front end” works on an entirely different principle. 
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Fig. 22-8. Basic Class B output circuit. TRI works as a preamplifier. TR2 is the 
driver. TR3 and TR4 are a complementary pair of transistors, working alterna¬ 
tively in “push-pull." The two resistors shown by dashed lines may be added to 
improve the stability of the circuit. These only need to be of very low value (e.g., 1 
ohm). 


Starting point is the tuned circuit (ferrite rod aerial) in the case of an 
AM receiver; or a dipole aerial feeding an rf amplifier in the case of an FM 
receiver (the latter amplifying the modulated radio signal in conjunction 
with a tuned resonant circuit). In both cases the boosted tuned signal is fed 
to an oscillator-mixer. 

This is a two-function circuit, although its duty is usually performed by 
a single transistor associated with a tuned oscillator circuit. This tuned 
circuit is mechanically coupled to the aerial tuning in the form of a ganged 
capacitor (i.e., two separate variable capacitors coupled, or “ganged” to 
move together when the tuning control is adjusted), so that it “tracks” the 
aerial circuit tuning while remaining separated from it by a constant fre¬ 
quency. This difference is known as the intermediate frequency or i-f, and is 
usually 455 kHz above the aerial frequency (it can have other values in 
certain sets; and can also be below rather than above the aerial frequency). 

The oscillator part of the oscillator-mixer is concerned with generat¬ 
ing this fixed intermediate frequency, tracking exactly above (or below) the 
signal frequency to which the aerial circuit is tuned. The two signals are 
combined in the mixer part of the oscillator-mixer, which also has a fixed 
tuned circuit (actually the primary side of a transformer associated with a 
capacitor) which responds only to the intermediate frequency — Fig. 22-9. 
This i-f signal also now has the same af modulation as the original signal. In 
other words, it is a duplicate of the wanted af signal, but at this stage 
superimposed on a fixed intermediate frequency. 

There are a number of technical advantages to this seemingly un¬ 
necessary complication of incoming signal treatment. First, the process of 
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separate amplifier stages 



Fig .a 2 . 9 

™ S>s amplification without dis,onion mom simple to 

achieve. 

suoerheterodyning gives much better selectivity or rejection of unwanted 
Sat Then the Anal output from the mixer is at a constant frequency, 
making it easy to amplify with the further possibility of eliminating any 

remaining unwanted frequencies since an i-f amplifier has fixe an vi 
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AM /CM rereiver shown in block form. The only 
cSnmoncimuk'SnTamp'er (usually a Class B oertput) following the detec¬ 
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amplifier stages. The output or gain of the final i-f amplifier stage(s) is 


governed by a separate volume control (potentiometer), typically located 
before the first af amplifier stage. This potentiometer, incidentally, usually 
has a capacitor connected in parallel with it to filter out any residual i-f 


which may have got past the detector. 


Chapter 23 


Television 



Television makes special use oia cathode ray tube which ln tun “ J as 
characteristics in common with a vacuum tube (see Ch J er , a 
heater, a cathode which emits electrons, an anode to which electrons 
attracted, and a control grid. Unlike a tube, however, the electrons are 
directed at the enlarged end of the tube or screen which is coated with 

pfeis/itor matena'a ^ cathode ray tube. The narrow end of the 

tube acts as an electron “gun,” shooting electrons past the anode sectiom 
Electrons impinging on the screen generate more electrons which are 
attracted back to the anode, equivalent in effect to each electron reac8 
the screen being bounced back to the anode. Thus no electrons, and hence 
no charge, actually collects on the screen. Meantime however, each 
electron reaching the screen makes the phosphor glow, which glow persists 
for a short period after the electron has been bounced hack 

The brightness of the glow produced is dependent on the type o 
phosphor (which also governs the color of the glow), and the•?»*** 
bombardment of electrons. The latter is controlled by the_ bias vohage 
applied to the grid. In other words, grid bias adjustment is the brightness 
control on a TV tube, Fig. 23-1. The actual brightness is also enhanced by 
an extremely thin layer of aluminum deposited over the 
rather like an outward-facing mirror, but transparent from the other side 

far as electrons are concerned. f . 

To produce a picture from electron bombardment, two other controls 

are necessary The first is a means of deflecting the electron beam so that a 
Sg”%o7L trace oat a particular path covering ,11 the variations » 
picture density over the tchole screen area. The second is a means 
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focusing the electron beam into a tiny spot so that the traced picture is 
sharp, not fuzzy. 

Deflection is achieved by directing the stream of electrons through two 
sets of parallel coils set at right angles to each other like the X and Y 
deflection plates in a simple cathode ray tube (Chapter 12). Signal voltages 
applied to the X-coils will deflect the beam sideways; signal voltages 
applied to the Y-coils will deflect the beam vertically. Combined X and Y 
signals will thus direct the beam toward any spot on the screen, depending 
on the resultant effect of the two signals. 

Focusing, meantime, is achieved by using supplementary cylindrical 
anodes arranged to work as an electronic lens, with the focusing effect 
adjustable by varying the voltage applied to one (or more) of these anodes. 
These anodes come before the deflection plates, i.e., in the parallel or 
“gun” section of the tube rather than in the divergent section. 

Electronic circuits can respond very rapidly — which is how television 
can be made to work at all! To “paint” a picture on the screen a spot of light 
(produced by a focused electron beam) has to traverse the whole picture 
area, zig-zag fashion, at least 30 times per second if the picture is to appear 
reasonably free of flicker. It does this in a number of parallel lines, usually 
running from left to right, with rapid “flyback” between lines. Fig. 23-2. 
The greater the number of lines the clearer the picture will be, i.e., the 
better the definition. The standard commonly adopted is 525 lines (per 
picture). So the actual frequency at which lines appear, called the line 
frequency, is 30 x 525 = 15750 per second. This line pattern is known as a 
raster. The lines making up the raster can actually be seen if you examine 
the television screen close up, or turn up the brightness control when no 
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picture is being transmitted. Only the parallel lines will be seen in the 
raster. During flyback, the cathode ray tube is cut off and no lines appear on 

In practice the picture is scanned 60 times per second, not 30. This is 
fast enough to eliminate any trace of flicker, but using an optical trick, the 
actual picture frequency is still only 30 per second. Scanning takes place in 
two stages - first the odd lines only, then the even lines Each scan 
therefore builds up only half the picture, the two halves following each 

other to present the complete picture. 

Movement of the lines downwards is accomplished by th e time base 
circuit starting with the first (odd) line and restarting a line at the left taw 
positions down each time. This continues until the scanning hasreache 
525 -r 2 = 262y 2 lines. The spot then flies back to the top again starting half 
way along the first even line and repeats the process to scan the 262% even 
lines which make up the second half of the picture. This process is known as 
interlacing. Actually a few lines get left out in this changeover process, but 

this does not show up on the picture. 

Picture transmission and picture reception operate m reverse mode. 
The television camera scans the scene to be transmitted in 525 lines at a 
picture frequency of 30 per second, and turns the light spot response into 
electrical signals. The number of lines has been quoted^as governing 
picture definition, but this is not the whole story. A scan of 525 lines give 
good picture definition from top to bottom, e.g., the picture is built up 
top-to-bottom from 525 “strips.” There is also the question of how many 
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individual picture elements are covered by each strip. The answer is about 
600 as an absolute minimum for good picture definition side-to-side, or the 
equivalent of 600 phosphor “dots” making up each line. The total number of 
individual “dots” or picture elements in each whole picture trace is thus 
315,000. Since the picture frequency is 30 times per second, this calls for a 
transmitted signal frequency of 2.5 MHz. 

These “intelligence” signals are broadcast like any other radio trans¬ 
mission-superimposed on a carrier wave to produce a modulated signal 
which can be picked up by a receiver and decoded on a similar principle to 
ordinary radio reception, except that the decoder now has to handle radio 
frequencies of 2.5 MHz and not af signals, so the TV receiver decoder is 
considerably more complicated than a radio receiver detector. 

There is also another important difference. Carrier wave frequencies 
have to be much higher than modulation frequencies for satisfactory re¬ 
sults. Hence the frequency of television picture signals is in the VHF range. 
It is invariably an AM broadcast with sidebands, operating within a channel 
width of 8 MHz. Either AM or FM can be used for the accompanying sound 
signal, FM being standard. 

The fairly wide channel width or frequency spread occupied by a 
television transmission does not make it susceptible to receiving spurious 
signals upsetting the picture (but not the sound, which is operating in a 
narrow band like any ordinary FM receiver). It also limits the number of 
television stations that can be accommodated in the VHF band without 
interfering with each other. 

This particular consideration also makes the design of a color televi¬ 
sion system even more complicated than it need be using first-principle 
electronics. For example, it would mean expanding the bandwidth to three 
times its black-and-white figure to transmit three separate pictures simul¬ 
taneously in the three primary colors. Since this is not an acceptable 
solution, color information has to be contained within the 8 MHz channel 
allowed for black-and-white transmissions, which becomes an extremely 
complicated subject and virtually impossible to describe in simple terms. 
Strangely enough, however, it does simplify ne other problem—the essen¬ 
tial requirement that a color television should also be able to receive 
black-and-white transmissions in black and white. The broadcast stations 
still have the opposite problem of ensuring that color transmissions can be 
received on black-and-white sets in black-and-white! 

The conventional color TV tube is made with three guns, one for each 
co l or _ r ed, green, and blue; with each dot on the screen formed by 
separate red, green, and blue phosphors arranged in a triangle. The picture 
is thus scanned by a triangle of beams converging on each triangle of dots at 
the same rate as in a black-and-white picture. The resulting sharpness of 
the color picture depends primarily on the accuracy of convergence, and on 
some tubes may vary noticeably from center to edge and/or top to bottom. 
This may be a limitation of that particular design of tube and associated 
circuitry, or merely a matter of convergence adjustment (which is usually 




problems by using in-line guns and color spots. 
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Chapter 24 



Microprocessors 

The years 1939-45 saw the development of analog and digital computing 
techniques, and, towards the end of that era, the first appearance of 
electronic computers based on tubes and relays. Years 1948-50 saw digital 
computers established, using tubes and—more significantly—the de¬ 
velopment of the transistor. 

Ten years later (1960), printed circuit boards first appeared, and also 
the first small-scale monolithic integrated circuits and hybrid integrated 
circuits. Transitional computer circuits took over from tubes. Medium- 
scale integrated circuits (MSI) appeared in 1965, and large scale integrated 
circuits (LSI) in 1970. Throughout this period of rapid development of ICs, 
aspects of digital computing were further extended, culminating in the 
appearance of the first micro-miniaturized computer, or microprocessor, in 
1971. From that date, there has been intensive development of digital 
integrated circuits in micro-miniature form through DTL to TTL to MOS- 
FET and CMOS, etc. Throughout this period, the capabilities of micro¬ 
processors have continued to be improved, with, most significant of all, a 
fall in prices. 

Essentially, the microprocessor is a digital computer in micro¬ 
miniaturized form, but not necessarily with the full capabilities of a conven¬ 
tional digital computer. One of its main applications, in fact, is a Program¬ 
mable Controller (PC) for various industrial applications. Within the last 
five years or so, upwards of 60 different PC systems have appeared, 
designed for industrial use, as well as others with more open capabilities. 
Each is associated with its own peripheral devices and associated software 
(i.e., programming devices). 

Originally, PCs were designed as one-bit processors, using discrete 
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Fig. 24-1. Block diagram of Texas 510 Programmable Controller. 


ferred to or from it, so much the I/O devices. Normally, there is more than 
one input or output device on a system. Therefore, the CPU must decide 
which one it wishes to transfer data with, and this is done by addressing. 

To execute a particular program, the programmer may set aside a 
certain area of the memory for program storage. Other areas of memory 
may be set aside for data storage, and these assignments may change for a 
different program. The Texas 510PC, shown in schematic form in Fig. 
24-1. is one of the latest types of programmers on the market, and illus¬ 
trates the position of the microprocessor within the total package which 
includes memory storage, location area, image register (IR) and push-down 
stack (PDS). 

All entries to the sequencer are made with a plug-in programmer. This 
can read out and modify all locations within the memory storage location 
area. When an entry is made, it is entered into and stored within this 
storage area. Timers and counters as well as series and parallel logic are 
contained therein. 

The processor controls the Model 510 PC memory during program¬ 
ming and execution of the user program. Logic instructions from the 
programmer are entered into the storage area (user memory). At the start 
of each program scan, the processor places the status of the instruction in 
the register and transfers the status of the selected output to the output (Y) 
lines. 

I/O modules are commonly available as plug-in cards or plug-on boxes 
in increments of 2, 4, 8, 16, and 32 lines per module. However, 8-stage 
modules and 16-stage modules seem to be the best buy. A broad variety of 
I/O cards with different signal-voltage levels are available from many 
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Batteries 

Batteries may be divided into two main groups: primary batteries, where 
the electrochemical action is irreversible (once the battery has been dis¬ 
charged it cannot be reenergized); and secondary batteries, where the 
electrochemical action is reversible and they can be charged and discharged 
repeatedly (but not indefinitely), to be used over and over again. 

Primary batteries are popularly called dry batteries; and secondary 
batteries are called storage batteries. These descriptions are not strictly 
correct, but they are convenient and widely accepted. In fact, all primary 
batteries have some form of “wet” electrolyte (usually in the form of a paste 
or jelly); and many secondary batteries may have so-called “dry” cells 
(implying the use of a non-liquid electrolyte). And just to show how general 
classifications cannot always be strictly correct, some types of primary 
(non-rechargeable) battery systems are, in practice, rechargeable! 


DRY BATTERIES (PRIMARY BATTERIES) 

A battery is made up of one or more individual cells. Each cell will 
develop a specific nominal voltage, depending on the battery system. To 
build a battery with a higher voltage than that given by a single cell, two or 
more cells are connected in series. 

The nominal cell voltage given by different “systems” is: 

(i) carbon-zinc — 1.5 volts 

(ii) alkaline-manganese — 1.5 volts 

(iii) mercury — 1.35 or 1.4 volts (depending on the depolarizer 

used) 

(iv) silver oxide — 1.5 volts 

(v) zinc-air (a comparatively undeveloped system as yet) — 1.2 
volts 


are relatively cheap and read.ly “ e the amount of 
sizes, the latter governing the capacity of the battery, 
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KEY 

A Brass Cap 
B Manganese Dioxide 
Depolarizer 
C Zinc Case 

(Negative Plate) 

D Ammonium Chloride 

Electrolyte 

E Cardwasher 
F Carbon Rod 
(Positive Plate) 



KEY 

A Metal Top Cap 
B Plastic Top Cover 

C Carbon Rod 
D Soft Bitumen Sub-seal 
E Seal 

F Tamping Washer 
G Depolarizer 
H Paper Lining 
j Zinc Cup 
K Paper Tube 
L Metal Jacket 
M Bottom Paper 
N Metal Bottom Cover 


Fig. 25-1. Standard carbon-zinc cell (left) and HP cell (right). 
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2. The outer zinc case (normally enclosed in a paper or plastic jacket) 
is continually being eaten away by chemical attack, which acceler¬ 
ates as the cell becomes more and more discharged. If the battery is 
left in a flashlight, radio, battery-holder, etc, and left in a near- 
discharged or discharged state, the zinc casing will soon be eaten 
right through, allowing corrosive electrolyte to escape. 

To a large extent, this can be avoided by using leakproof construction 
where the zinc case and cell bottom are enclosed by metal covers (usually 
tinplate). Even the leakproof carbon-zinc battery can suffer casing failure 
and leak if left in place when discharged, however, for there is always a 
tendency for the contents of the cell to swell and burst the casing when the 
cell is in a discharged state. 

The high power, or HP, cell is an attempt to overcome both limitations. 
It is invariably of leakproof construction and also employs a more effective 
depolarizing agent. As a result, it has a superior performance under high 
current drains, and also increased capacity. It is also more expensive, so 

Table 25-1. Standard Carbon-Zinc Batteries (up to and including 9 volts). 


Type* 

Nominal 

voltage 

Weight 

(gr) 

Size (millimetres) 
Length or 

diameter Width 

Height 

Recommended 
current range 
(mA) 

U12 

(Pencell) 

U11 

8P11 

HP11 

U2 

SP2 

HP2 

ACM 

FLAG 

■ 15 

25 

45 ' 
45 

45 J 
9° ] 
90 

90 J 
600 
880 

14-3 

67 

67 

67 

50 

50 

60 

102 

166 

20-30 

20-60 

20-60 

0-1000 

10-50 

10-60 

0-2000 

100-250 

100-250 

1839 

3 


26 


100 

20-60 

PP11 


450 

65 

52 5 

91 

10-100 

126 


370 

103 

35 

91 

0-250 

AD28 

450 

100 

35 

106 

30-300 

481 


1130 

113 

66 

166 

100-250 

PP1 


283 

65 

56 

56 

5-50 

PP8 

6 

1100 

66 

52 

200 

20-150 

996 

580 

67 

67 

102 

30-300 

991 


1500 

136 

72 

125 

30-500 

PP3 


38 

26 8 

17 5 

48 

0-10 

PP4 


51 

25 4 

— 

50 

0-10 

PP6 


142 

36 

35 

70 

2-6-15 

PP7 

f 9 

200 

46 

46 

62 

5-20 

PP9 


425 

66 

52 

81 

5-50 

PP10 


1250 

65 

52 

225 

15-150 

PP11 


459 

65 

52 

91 

5-50 


Type numbers shown in bold are World standards. Othertypes numbers are Ever 
Ready. See Table 25-2A and B for equivalents. 


i o hnv ” In fact, the additional cost of HP cells 

"'e SSZZSZZ- is better On particular. alkaline- 

manganese). b , llh t0 ,he nominal voltage of standard 

Table 25-1 is a useiu g recommended operating range in 

sizes of carbon zinc batteries nuoted for carbon-zinc dry 

* practol 

experience in that particular usage. 

in Fig. 25-2. They are generally avadable only as single ti 

KEY 

A Inner Steel Case 

and Positive Terminal 

B Outer Steel Case 
C Insulating Disc 
D Insulating Spacer 
E Absorbent Sleeve 
F Electrolyte in 

Absorbent Material 
G Zinc Anode Cylinders 

H Depolarizer Cylinders 
J Electrolyte Immobilizer 
K Sealing and 

Insulating Grommet 
L Steel Double Plate 

Negative Terminal 
M Battery Jacket 

Fig. 25-2. Typical construction of a modern alkaline-manganese cell. 

in a much more restricted range of^<~ havfth^mTn 

considerably more costly than carbon-zinc cells, 

advantages: 

1. Voltage drop under load is fa,less P—1., , here ■„ 

with partly-discharged cells) compared with 

i_ 
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Table 25-3. Alkaline-Manganese Cells (1.5-V Nominal Voltage) 
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With this type of battery, it is also possible to quote actual capacities, 
as given in Table 25-3. They can be regarded as a direct substitute for 
equivalent carbon-zinc cells where their advantages outweigh the higher- 
cost They are particularly suitable for constant heavy-load (i e high 
current drain) duties for which the carbon-zinc battery is least suited (Fig. 

Standard alkaline-manganese batteries are basically primary bat¬ 
teries Contrary to popular belief they can be recharged at low current rates 
corresponding to l/10th of their capacity figure e.g., a 750 mAhcapaa y 
cell at 750/10 = 75 mA. Full charge time with such a current would be 12-14 
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hours. There is a danger of a cell exploding if charged at too high a rate, or 
for too long a time, however, unless it is a vented type. Vented alkaline- 
manganese batteries are now available which are recognized as true secon¬ 
dary batteries and specified as rechargeable. 


MERCURY CELLS 

Mercury dry cells have an extremely high capacity for their physical 
size and weight. To take advantage of this characteristic, they are normally 
made in diminutive “button” sizes, but larger cells of this type are also 
produced, see Fig. 25-4. 

Each cell develops a lower voltage than either of the two previous 




KEY 

A Double Top F 

B Plastic Sealing Grommet G 

C Wound Zinc Anode H 

D Zinc Anode Pellet J 

E Electrolyte in Absorbent 



Synthetic Barrier 
Inner Can 
Synthetic 
Adaptor Sleeve 


Fig. 25-4. Typical construction of mercury cells: 1. wound anode, 2. pellet-type, 
3. cylindrical type. 


types described, but this voltage is largely unaffected by load (current 
drain). Thus, after a slight initial drop, a mercury cell will continue to 
maintain a constant voltage until almost fully discharged, when the voltage 
will drop off quite rapidly. 

This can be a considerable advantage in many applications. It can also 
be a disadvantage, for there is no means of assessing how far a mercury cell 
has been discharged by measuring its “on load” voltage. It simply comes to 
the end of its useful life suddenly. 

It also has some other minor disadvantage (apart from high cost!). 
There is an appreciable drop in capacity if operated at temperatures below 
about 5° C (40° F), and, at freezing point, the cell becomes more or less 
inert, although it will recover again on warming up. It is also not suitable for 
use in contact with copper or copper alloy, so contacts used with mercury 
batteries should be nickel plated (or stainless steel). 


SILVER-OXIDE CELLS 

Silver-oxide cells have similar characteristics to mercury cells, with a 


higher nominal cell voltage which remains substantially constant under 
load. They also have superior low-temperature characteristics, but cost is 
higher than a mercury cell and availability limited. 


SECONDARY BATTERIES 

The familiar lead-acid battery was widely used in the early days of 
radio as a low-voltage battery. The only type of rechargeable battery which 
has a significant application in present-day electronics is the modem 
nickel-cadmium battery. It is the one type of secondary battery system in 
which “gassing” can be eliminated on charging, so it can be constructed in 
fully sealed-cell form (although many types are, in fact, constructed with 


_i:_ 


_ 



KEY 

A Sealing Washer 
B Nickel Wire 
C Positive Electrode 
D Negative Electrode 
E Separator 
F Bottom Insert 
G Cell Cup 
H Contact Spring 
J Cell Cover 



KEY 

A Resealing Safety Vent 
B Nickel Plated Steel 
Top Plate (Positive) 

C Positive Connectors 
D Support 
E Sintered Negative 
Electrode 

F Sintered Positive 
Electrode 

G Negative Connector 
H Separator 
J Nickel Plated Steel 
Can (Negative) 

K Nylon Sealing Grommet 


Fig. 25-5. Typical nickel-cadmium button cell (top) and cylindrical cell (bottom). 
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Table 25-4. Button-Type Nickel-Cadmium Cells (1.2-V per cell) 



Nickel-cadmium batteries offer numerous advantages — no deterio¬ 
ration during storage in either charged or discharged state (except that a 
charged cell with suffer a loss of about 20 percent of its capacity a month), 
charge/recharge cycle life of at least several hundred and possibly 
thousands (depending on actual use); suitability for high discharge rates 
(and high charge rates with vented cells); robustness; wide operating 
temperature range (-40° C to + 60° C); and suitability for operating in 

almost any environment. . 

Disadvantages are high initial cost (which is generally recoverable in 

long cycling life), and the fact that the nominal voltage per cell w only 1.2 
volts. However, the discharge characteristics are substantially flat, i.e., 
output voltage is maintained regardless of load. To ensure a full recharge 
being given, the favored technique is first to discharge the cell or battery 

fully under controlled conditions and then give a full charge. 

Construction of a typical nickel-cadmium “button’ cell is shown in Fig- 
25-5. Button cells are produced with capacities ranging from about 0.1 Ah 
up to 1.75 Ah-see Table 25-4. Battery packs are made up by welding 
separate cells together in a stack of the required number (the whole stack 
then usually being in a shrunk-fitted plastic sleeve). Larger capacities are 
provided by cylindrical and rectangular nickel-cadmium cells. 

Vents are fitted to all nickel-cadmium cells intended for use with high 
current drains and/or high discharge rates. These vents are °fthere- 
sealing type so that under normal operating conditions the cell is virtually a 

SGslcd type. 

A problem with nickel-cadmium cells can be that it is virtually impos¬ 
sible to solder connections to the cells. However, cells (and battery pac s) 
are produced with tags spot-welded to each end (and at individual tapping 
points on a battery, if required) to which soldered connections can be made. 
Without such tags, connections to a cell or battery pack would normally 

have to be made via spring contacts. 

Specifications for nickel-cadmium batteries may quote capacities 
either the 10-hour or 5-hour (discharge) rate. The difference can be sig¬ 
nificant, as the effective capacity of a given battery is dependent on dis¬ 
charge rate-higher discharge rates resulting in a loss of capacity. Equally, 
any maximum current rating for a nickel-cadmium battery can be somewhat 
arbitrary. Most cells can withstand higher current drains than the specified 
maximum, but continual cycling under such working conditions can sub¬ 
stantially reduce the actual number of useful life cycles. Special nicke 
cadmium cells with sintered electrodes are designed for operation with 

very high current drains. 

GENERAL BATTERY RULES 

1. To increase the voltage of a battery, increase the number of cells 
connected in series to make up the battery. For a battery of given 
voltage: 
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No. of cells required = 


required battery voltage 
volts per cell 


If the number of cells so calculated is not a whole number, use the next 
whole number up. For example: 


Battery voltage required is 9 volts 

Cells to be used are nickel-cadmium, volts per cell 1.2. 


No. of cells required = - 

1.2 


= 7.5 cells 

Therefore, make up the battery from 8 cells connected in series. (The 
actual battery voltage will then be 8 x 1.2 =9.6 volts. If necessary the 
additional voltage can always be dropped in a circuit by using a dropping 
resistor). 

2. To increase the capacity of a battery, connect two (or more) bat¬ 
teries of the required voltage in parallel. Two batteries connected 
in parallel will halve the current drain from each battery, thus 
doubling the capacity. Basically, in fact, the capacity of the original 
battery is multiplied by the number of similar batteries connected 
in parallel. 
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Chapter 26 



Power Supplies and Chargers 

The application of a step-down transformer associated with a bridge rec¬ 
tifier and a smoothing capacitor to provide a low voltage dc supply from an 
ac mains supply has already been described m Fig. 8-5 Chapter 8. Rather 
more sophisticated circuits may be used where it is desirable to ensure a 
stable dc voltage, e.g., for operating an FM transistor radio from the ac 
mains instead of a battery. 

A circuit of this type is shown in Fig. 26-1, the component values 
specified giving a stabilized dc output of 6 volts from 240 ac mains. The 
bridge rectifier following the transformer provides full wave rectification, 
smoothed by capacitor Cl in the conventional manner. 

The input to output voltage is dropped across transistor 1K1. the 
emitter voltage of transistor TR2 is set by the Zener diode at 2.7 volts. The 
output voltage is divided by R4, R5 and when the voltage across R5 is about 
3 2 volts TR2 begins to conduct. This diverts some of the current flow g 
through R1 into the base of TR1 so that TR1 starts to turn off. Thus, since 
the base current, and the voltage drop across the collector-emitter junction 
of TR1, is controlled by TR2, the output voltage is stopped from going any 
higher than the design voltage. 

Conversely, if a heavy load is applied to the output it will tend to cause 
a drop in output voltage and so also the voltage on the base of TR2 willtend 
to fall The effect of this is that TR2 will start to turn off, allowing more 
current to flow into the base of TR1 which turns on to maintain the output 
voltage. 

Voltage stabilization will be maintained until the output current rises 
to the order of 4-500 mA. At this point, the voltage across R3 becomes 
greater than the tum-on voltage of TR3, which will start to conduct. This 
will tap current from the base of TR1, causing TR1 to start to turn off, 


181 





Fig. 26-1. Stabilized output dc charger for working off ac mains. Components: 
R1 — 680 ohms 
R2 — 820 ohms 
R3 — 1 ohm 

R4 — 39 ohms for 6 volts dc output 
180 ohms for 7.5 volts dc output 
330 ohms for 9 volts dc output 
R5 — 560 ohms 
Cl — 1000 /uF or higher value 
C2 - 10 /u.F 
C3 - 0.01 fiF 

T — 240/15 volt transformer (or 115/15 volt) 

BR — bridge rectifier 

TR1 - BD131 

TR2 — BC108C 

TR3 - BC108C 

ZD — Zener diode BZYbbC2V7 

hereby reducing the output voltage, so that the current does not rise any 
further. In other words the circuit is automatically protected against over¬ 
load, even down to short circuit conditions. In the latter case, the voltage 
will fall to almost zero, with the current still being maintained at 400-500 
milliamps. The capacitors C2 and C3 are not strictly necessary, but are 
additional smoothing components. 

The circuit can be adapted to provide a number of different dc output 
voltages, selectable by switching. To do this, resistor R4 is replaced by a 
chain of resistors R4A, R4B, R4C, as in Fig. 26-2. The values given, 
together with the previous circuit component values, will provide select¬ 
able outputs of 6 volts, or 9 volts, with voltage stabilized in each case up to a 
maximum current drain of 400-500 milliamps. 


BATTERY CHARGERS 

Either a bridge rectifier circuit, or the voltage-stabilized circuit just 
described can also be used for battery charging. In this case, smoothing is 
not so important, as the presense of a certain amount of “ripple” in the dc is 
held to be beneficial for charging. Normally, however, at least one smooth¬ 
ing capacitor would be desirable in the charger circuit. 
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Fig. 26-2. Switching circuit for altering dc output voltage. 

R4A — 39 ohms 
R4B — 150 ohms 
R4C — 150 ohms 

Since it is not necessarily evident whether a charger is working or not 
an indicator lamp or ammeter is normally desirable in a charger circuit A 
lamp merely indicates that the charger is "on” and the output circuit is 
working. It can be tapped directly across the circuit at any point, the 
preferred form of lamp being an LED since this draws minimal current, 
although a small filament bulb will do as well. An LED needs to be 
associated with a ballast resistor to drop the necessary voltage at this 
point; a filament bulb does not, but a resistor is needed to work as a voltage 
dropper if a 6 volt bulb is used in this circuit (see Fig. 26-3). Note that an 
indicator lamp on the mains side of the transformer, or on the secondary 
side between the transformer and the bridge rectifier, would not necessar¬ 
ily confirm that the output was “working” with an output load connected. 

In the case of a meter indicator, this would simply be an ammeter (or 



Fig. 26-3. Alternative arrangements for charging indicator lamps. A .bulb of 
appropriate voltage could be used in one of the output leads without a dropping 


resistor. 
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Fig. 26-4. Stabilized 6 volt dc charger working off 12 volt battery. 
Components: R1 — 680 ohms 
R2 — 820 ohms 
R3 — 1 ohm 
R4 — 39 ohms 
R5 — 560 ohms 
Cl - 10 /iF 
C2 - 0.01 fxF 
TR1 - BC131 
TR2 - BC108C 
TR3 - BC108C 
ZD — Zener diode BZY88C2V7 
diode — IN4001 (or equivalent) 

milliammeter, as appropriate) connected in series in one or another of the 
output lines. 

DC INPUT CHARGERS 

There is also a call for chargers which can charge low voltage batteries 
direct from another battery, such as a 12-volt car battery. In this case, since 
the input is dc, a transformer cannot be used to set the required voltage, nor 
is a rectifier necessary. 

Figure 26-4 shows a charger circuit designed to provide a stabilized 
6-volt dc output (charging voltage) from a 12-volt input supply. Essentially, 
it is the same as that of Fig. 26-1 without the transformer and rectifier, but a 
diode is included to protect the transistors in the circuit against reverse 
voltages. Working of the circuit is the same as that described previously, 
with automatic short-circuit protection. Like the previous mains circuit, 
too, it can be adapted to provide a range of output voltages, using exactly 
the same values for the chain of resistors as in Fig. 26-2. 


Chapter 27 



High-voltage Power Supplies 


The basic method of obtaining a high-voltage supply is to step up an ac mams 
supply via a transformer. At the same time, the transformer can be tapped 
or provided with separate windings, to produce any other lower or inter¬ 
mediate voltages which may be required. Voltage step-up or step-down, 
using a transformer, is possible only with an alternating-current input. The 
resulting output is also ac, from which it follows that further components 
will be required in a power supply to provide stepped-up or-down direct- 
current voltages, such as required for the anode of a tube. Basically, this 
involves rectification of the transformed voltage, with the ^addition 
smoothing, if necessary, to remove any remaining ripple, in the dc 

° UtP Voltage regulation may also be necessary, even if only aimed at 
limiting the value of transient voltages which may be introduced in the 
power-supply circuit. In that case, we are concerned with the peak inverse 
voltages (piv) which may be introduced in the power-supply circuit, affect¬ 
ing the loading of the components. Voltage regulation itself can be ex¬ 
pressed as a percentage: 


regulation (%) = 


100(E1-E2) 

E2 


where El is the no-load voltage (no current flowing in the load circuit), and 
E2 is the full load voltage (rated current flowing in load circuit). 

Three basic rectifier circuits are shown in Fig. 27-1. A single diode 

will provide half-wave rectification. Two diodes can provide full-wave 
^ ... . • •._t ~4.„a i r»v» transformer center 
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FULL WAVE 


Fig. 27-1. Three basic rectifier circuits. 

tap. Alternatively, the bridge type circuit may be used for full-wave rectifi¬ 
cation. 

Either tubes (diodes) or metal rectifiers can be used in such circuits. 
Metal rectifiers have the advantage that they require no heater supply, but 
have to be fitted with cooling fins to dissipate the heat generated by their 
relatively high forward resistance. Tubes also get hot, and both need plenty 
of space within the cabinet, and good ventilation. Power supplies of these 
types, therefore, tend to be heavy and bulky. 

Silicon power diodes are generally preferred to tubes or metal rec¬ 
tifiers. They can be produced in virtually miniature size, require no heater 
current, and have relatively low heating (and thus much higher efficiency), 
because of their very low forward resistance. While this latter feature is 
highly desirable, it does also emphasize the potential weakness of the 
silicon diode to the effect of high voltage surges developing which will 
destroy the diode. This is because of the relatively low piv values such 
diodes can withstand. Unfortunately, too, it is also a characteristic of silicon 
diodes that they tend to fail in a shorted condition, rather than “open,” so 
that failure of one diode in a series could readily cause the remainder to fail 
as well. 

Series connection of silicon diodes is generally necessary to realize 
the piv rating required. This is decided basically by the piv likely to be 
developed by the rectifier circuit. In the case of a single diode circuit, the 
piv across the diode will be approximately 1.4 times the ac voltage across 
the transformer coil. The center-tap circuit will yield a piv of about 2.8 
times the ac voltage across each half of the transformer coil. The bridge 
circuit will again yield about 1.4 times the voltage across the coil. 
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The required rating can be built up by connecting as many diodes in 
series as necessary to factor their individual rating by 2, 3, 4 times etc., 
allowing a suitable margin of safety. This, however, will only be valid if the 
diodes are exactly matched in characteristics (particularly their reverse 
resistance). This is unlikely in practice, and so equalizing resistors are 
normally connected across each diode—Fig. 27-2. Alternatively, equaliz¬ 
ing capacitors may be used in some circuits. Both configurations, inciden¬ 
tally, also act as transient suppressors to protect the diodes against surges 
of high current. Since capacitors are more effective in this respect, resis¬ 
tors and capacitors may be used in series across each diode as equalizing/ 
damping devices. Further protection may also be incorporated in the 
rectifier circuit by including a fuse to open-circuit a chain of diodes in the 
event of overload, or failure of one of the diodes. 

One other precaution which may be necessary with silicon diodes is to 
“balance” their rating against temperature. Although they do not generate 
much heat themselves, their performance is temperature dependent, an 
the maximum rating applies with a temperature limit. If they are to be 
worked at a higher ambient temperature, derating of performance is neces¬ 
sary. Temperatures for a maximum current rating may range from as low as 
25°C to as high as 70°C, depending on type and manufacture. Derating, 
typically, is of the order of 10 percent per 10°C temperature rise above the 
rated temperature. 


FILTERS 

The output from a rectifier circuit is pulsating dc. To render this in the 
form of smooth dc, filtering must be applied. While this may not be strict y 
necessary for tube operation, it is absolutely necessary to eliminate (or at 
least reduce) the “hum” content of the power supply applied to various 
stages of a transmitter or receiver circuit. 

Effective smoothing of the supply is readily achieved by means ot a 
capacitor-input filter, which may be either single-section or two- 
section-Fig. 27-3. The single-section filter is generally adequate tor radio 
transmitters, but the two-section circuit is preferable for radio receivers. 
The addition of a “bleeder” resistor is generally recommended, its purpose 
being to discharge the capacitors when the power supply is not in use. 1 he 
value of the bleeder resistance should be chosen so that it draws 10 percent 
or less of the rated output current of the supply. (It can be calculated 
directly as 1000E/I ohms, where E is the output voltage, and I is the load 
current in milliamps.) 


Era 
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Fig. 27-2. Diodes with equalizing resistors. 
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S!NGL£-SECTION R IS tlEEDER RESISTOR TWO-SECT/ON 


Fig. 27-3. Single- and two-section smoothing filters. 

The ripple voltage remaining will be governed by the values of the 
capacitors and inductance. Typical values are 8 /xF for the capacitors 
(although Cl can be reduced to 4 /nF in the two-section circuit), with an 
inductance of 20 to 30 henries. Ripple voltage will get smaller as capaci¬ 
tance and inductance are made larger. Few problems are imposed in 
matching component values, and satisfactory smoothing is readily ob¬ 
tained. Capacitor-input filter circuits, however, exhibit poor voltage- 
regulation properties when used with varying loads. 

The choke-input filter provides better voltage regulation, but less 
effective smoothing. Again, it can be single-section or two-section—Fig. 
27-4. The two-section circuit is generally superior as regards smoothing. 
Note again the use of a bleeder resistor to discharge the capacitor(s) when 
the power supply is not in use. 

The first inductance can, with advantage, be of the “swinging choke” 
type—that is, having swinging characteristics over a range of about 5 to 20 
henries over the full output current range. The highest value will then apply 
when there is no output load on the power supply other than the bleeder 
resistor. The second choke should then have a constant inductance of 10 to 
20 henries with varying dc load currents. 

With this type of circuit, it is possible to use capacitors with lower 
rated voltage than those necessary for a capacitor-input filter (which have to 
have a rating higher than the peak transformer voltage). However, a similar 
high-voltage rating is usually advised, as in the event of failure of the 
bleeder resistor the voltages would rise to these peak figures. 

OUTPUT VOLTAGE 

Basically, the dc output voltage is about 0.9 times the ac voltage across 
the transformer secondary in the case of a single diode or bridge circuit; and 
about 0.45 times the ac voltage across the transformer secondary in the 



Fig. 27-4. Choke-input filters. 
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case of the bridge circuit. With capacitor-input filters, the secondary rms 
voltage required is thus 1/0.9 or 1.1 times the required dc output voltage, 
to allow for voltage drops in the rectifier and filter circuits, and in the 
transformer itself. In the case of a center-tapped circuit, this voltage must 
be developed across each side of the secondary center tap. 

With a choke-input filter circuit following the rectifier, the required 
transformer secondary voltage can be calculated directly from. 


E = 1.1 (E + 


1(R1 + R2) 
1000 


+ E) 


where E = full load rms secondary voltage 

E = required dc output voltage (The 
open circuit voltage will usually be 
anything from 5 to 10 percent 
higher.) 

E = voltage drop in the rectifier 
Rl, R2 = resistance in filter chokes 


VOLTAGE STABILIZATION 

A basic method of obtaining voltage stabilization is by the use of a 
voltage-regulating tube in series with a limiting resistor, as shown in ig. 
27-5. The initial (unregulated) voltage needs to be higher than the starting 
voltage of the tube, which is usually about 30 percent higher than the 
operating voltage. The value of the limiting resistor is chosen to just pass 
the maximum tube current when there is no load current. With loadadded, 
the tube can then work down to its minimum current condition. Within this 
range the voltage drop of the tube is constant, thus providing a point for 
tapping off a stabilized voltage. Voltage regulation better than 10 percent 
can readily be achieved; and with the tubes in series, stabilization is further 
improved down to about 1 percent. The use of two tubes in series also 
enables two different values of regulated voltage to be tapped, one from 
each tube. 



Fig. 27-5. Voltage stabilization with VR tube. 
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.RECTIFIER 


Fig. 27-6. Stabilization by zener diodes. 


Figure 27-6 shows how Zener diodes can also be used to stabilize a 
high-voltage supply obtained from a transformer. The low-voltage Zener 
diodes (Z1 and Z2) are simply connected in back-to-back configuration 
across a low-voltage winding on the transformer. 


BIAS VOLTAGES 

Bias-supply requirements are basically a fixed voltage of the required 
value to set the operating point of a tube. The output should be well filtered, 
and capacitor-input filters are commonly preferred. A bleeder resistor is 
effective as a voltage regulator since it provides a dc path from the grid to 
the cathode of the tube being biased. However, to be really effective, this 
will need a low resistance value so that the current flowing through the 
bleeder resistor is several times the maximum grid current to be expected, 
which is wasteful of power. 

In particular cases, therefore, it may be expedient to adopt more 
efficient methods of bias-voltage stabilization. Two such stabilizing circuits 
are shown in Fig. 27-7. One uses a triode as a regulator, and the other a VR 
tube. The latter is only applicable where the voltage and current ratings of 
the tubes permit their application. 


VOLTAGE DIVIDERS 

The conventional type of voltage divider is based on the circuit shown 
in Fig. 27-8. Basically, it comprises a series of resistors (or a resistor with a 
series of tapping points), from which voltages lower than the input voltage 


BIAS 

SUPPLY 


BIAS 

SUPPLY 


Fig. 27-7. Stabilization by bias voltage. 



Fig. 27-8. Conventional voltage divider. 


can be drawn by connecting to an appropriate tap. The ™d resistor is 
considered only as a “bleeder,” carrying a bleeder current which nor 
mally 10 percent or less of the total load current. The values of resistors 

required then follow from: 



Voltage regulation is very poor with voltage dividers of this type 
because the voltage taken from any tap depends on the current drawn from 
the tap (and will thus vary with varying load). Thus, while they are smta e 
for constant-load applications, additional voltage regulation would have 
be applied for stabilization with varying loads. 


VOLTAGE MULTIPLIERS 

Rectifiers can also be used as voltage-multipliers, in integer factors - 
a feature which can often be used to advantage. It is possible, for examp , 



Fig. 27-9. Voltage-multiplier circuit. 
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Fig. 27-10. Voltage-multiplier circuit using diodes. 

to accept an ac input direct into a rectifier circuit, without having to employ 
a transformer, and obtain both rectification and voltage doubling. Such a 
circuit is shown in Fig. 27-9. Each capacitor is charged separately to the 
same dc voltage from the two diodes and then discharged in series into the 
same load circuit (thus doubling che dc output voltage obtained). 

Figure 27-10 shows an extension of this principle, utilizing four di¬ 
odes. The output from this circuit provides both voltage doubling and 
voltage quadrupling. 

As with voltage dividers, voltage multipliers tend to offer poor voltage 
regulation, although this is less marked with silicon diodes as compared 
with diode tubes and metal rectifiers. 

VARIABLE-VOLTAGE SUPPLIES 

A simple type of variable-voltage supply for use with a constant- 
voltage power supply is shown in Fig. 27-11. This circuit eliminates series 
resistors as a source of voltage drop and, as a consequence, maintains a 
substantially constant source impedance. Voltage regulation is also pro¬ 
vided, as well as voltage variation via the variable resistor, although the 
degree of stabilization will deteriorate with increasing voltage output. It is, 
however, another example of how simple circuits can often be used to 
provide solutions to particular requirements in transmitter and/or receiver 
circuits. 



Fig. 27-11. Variable voltage supply. 
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Fig. 27-12. Stabilized heater supply. 


STABILIZED TUBE HEATER SUPPLIES 

The heater supply for tubes tends to be regarded as non critical, and 
conveniently supplied direct from a separate low-voltage coil on the power 
transformer, without rectification. As a minimum precaution, it is generally 
desirable to use separate heater supplies (e.g., separate transform¬ 
er coils) for oscillator tubes, and voltage stabilization may well be consi¬ 
dered as a method of further improving the overall stability of the stage(s) 
involved. 

A simple circuit which offers considerable possibilities in this respect 
is shown in Fig. 27-12, employing two Zener diodes in back-to-back bridge 
circuit configuration. The variable resistor acts as a trimmer to set up the 
circuit, its value being about 20 percent of the total resistance value of the 
lower arm of the bridge. Voltage stabilization of better than 1 percent is 
claimed for this circuit, with a transformer voltage change of up to 13 
percent. 

TRANSISTOR POWER SUPPLIES 

Transistor circuits require only low voltages and thus considerably 
simplify power supply requirements, particularly as only a single voltage is 



Fig. 27-13. Transistor power supply. 


193 





Fig. 27-14. Simple regulation circuit. 


usually required. They may, however, be fed from an ac supply, in which 
case, similar requirements apply as regards rectification and smoothing 
following the transformer. For voltage stabilization, a Zener diode is 
normally employed (the Zener diode is virtually the counterpart of the VR 
tube in higher voltage circuits). 

A typical modern transistor power supply circuit is shown in Fig. 
27-13. which is also notable for incorporating electronic smoothing. There 
are numerous variations on a similar theme but, in general, shunt regulation 
is taking preference over series regulation, as this will permit the output to 
be short-circuited without damage. 

A very much simpler system is shown in Fig. 27-14, which merely 
uses half-wave rectification followed by smoothing, and a battery of the 
same voltage as the dc output “floating” across the output. This battery 
provides extremely good stabilization and at the same time can also act as a 
ripple filter. Capacitor C2, in fact, is not really necessary. Basically, the 
battery provides an additional source of power to combat voltage drop 
under load. A similar system of “floating” a battery across the output can 
equally well be applied to a full-wave rectifier output. Zener diode stabili¬ 
zation can also be added, if necessary, for an even.higher degree of 
stabilization. 

Stabilization is less readily provided across a direct battery feed to a 
transistor circuit since conventional methods of stabilization using Zener 
diodes and resistors almost inevitably mean a large increase in current 
drain, further loading the batteries. Various ingenious solutions have been 
proposed to combat this, such as the use of current-limiting circuits (which 



Fig. 27-15. Simple low-loss stabilizing circuit. 
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also safeguard transistors against overload). Figure 27-15 shows a simple 
low-loss stabilizing circuit, based around the use of a transistor as a 
constant current device, which can readily be extended to two stages if 
necessary. 
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A 

Ac, 5 

Ac circuits, basic, 18 
Ammeter, 10 
Amp, 1 
Amplifier, 90 

Amplifier, loudspeaker. 118 
Amplifier, push-pull, 121 
Amplifier, two-stage, 119 
Amplifier circuits, 115 
Amplifier output stages. 119 
Amplifier stages, radio, 154 
Amplitude, 7 
Angle of lag, 8 
Anode, 89 
Anode current, 64 
Anode voltage, 64 
Audio frequency, 149 
Autotransformers, 58 


B 

Base, 62, 105 
Batteries, 168 
Batteries, carbon-zinc, 169 
Batteries, primary, 168 
Batteries, secondary, 177 
Battery chargers, 182 
Battery usage rules, 179 
Bias, forward, 60 
Bias, negative, 60 
Biasing, current, 66 
Binary digit, 165 
Binary logic, 98 
Bipolar transistor, 60 
Bit, 165 

Bonded mounting, 139 
Breakdown voltage, 78 
Bridge circuit, 56 
Bus-bar assembly, 139 
Byte, 165 


C 

Capacitors, 30 
Capacitors, electrolytic, 33 
Capacitors, fixed, 31 
Capacitors, nonpolarized, 32 
Capacitors, rules for, 36 
Capacitors, trimmer, 35 
Capacitors, tuning, 35 
Capacitors, variable, 34 
Capacitors in ac circuits, 40 
Carrier wave, 162 
Cathode-ray tube, 91, 159 
Cells, alkaline-manganese, 171 
Cells, mercury, 176 
Cells, nickel-cadmium, 177 
Cells, silver-oxide, 176 
Chargers, battery, 184 
Chargers, dc input, 184 
Chokes, radio-frequency. 52 
Chokes, smoothing, 53 
Chokes, swinging, 53 
Circuit, resonant, 48 
Circuit, tuned, 47 
Circuit construction methods, 137 
Circuit diagrams, 131 
Circuit drawings, final, 144 
Circuit drawings, planning. 143 
Circuits, series-resonant, 52 
Coils, 46 

Collector, 62, 105 
Color code, 21-22 
Colpitts oscillator, 127 
Components, active, 59 
Components, passive, 59 
Coupling, 41 

Computers, analog and digital, 98 
Computers, digital, 99 
Conductor, 6 
Current, 2, 5, 10 
Current amplification, 108 
Current amplification factor, 109 
Cycle, 7 
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ICs, monolithic, 95 
IGFET, 69 
Impedance, 1, 18-19 
Impedance matching, 57 
Inductance, 18, 46 
Inductance, specific, 48 
Inductive, reactance, 18 
Insulator, 7 
Integrated circuits, 93 
Interlacing, 161 
Intermediate frequency, 156 
I/O cards, 167 


D 

Damping, 125 
Dc, 5 

Dc current gain, 109 

DCTL, 97 

Definition, 160 

Deflection, 160 

Depletion layer, 59 

Detection, radio frequency, 151 

Detector, FM, 153 

Detector stage, 152 

Dielectric, 30 

Diode, point-contact, 64 

Diode, Zener, 78 

Diodes, 60, 63, 78 

Diodes, Schottky, 80 

Diodes, tunnel, 80 

Diodes, varicap, 79 

Dividers, voltage. 17 

Divisor, 2 

Drain, 68 

DTL, 97 


E 

Earpieces, 122 
ECL, 97 

Electrical abbreviations, 1 
Electrical symbols, 1 
Electrical units, 1 
Electrolyte, 31 
Electron, 5 
Emf, 1 

Emitter, 62, 105 
Epitaxial layer, 66 
Etching bath, 146 

F 

Farad, 1 

FET, 69 

Filament, 88 

Filter, low-pass, 43 

Filter, circuits, 42 

Filters, 37, 187 

Filters, high-pass, 43 

Flasher circuit, adjustable rate, 73 

Flasher circuit, Morse code, 74 

Flip-flop, 96 

Focusing, 160 

Frequency, 7, 41 

Frequency, cut-off, 42 

Full-wave rectification, 57 

Full-wave rectification, 56 

G 

Gate, control, 69 
Gate, signal, 69 
Germanium, 59 
Grid, 89 

H 

Half-wave rectification, 56 
Half-wave rectifier, 56 
Hartley oscillator, 127 
Headphones, 122 
Henry, 1 

I 

1C arrays. 101 
ICs, hybrid, 95 


J 

JFET, 69 

K 

Kilo, 2 

Knee voltage, 108 

L 

Layout drawing, typical, 135 
LED, 71, 75 

LED, seven-segment, 76 
Light-emitting diode, 75 
Line frequency, 160 
Liquid crystal, 71, 76 
Load, 13 

Loudspeakers, 123 
LSI, 95 

LSI MOS systems, 70 

M 

Mega, 2 
Micro, 2 

Microprocessors, 164 
Mili, 2 

Milliammeter, extending the range of a, 16 

Modulated signal, 149 

MOS. 97 

MOSFET, 70 

MSI, 95 

Multiplier, 2 

Multivibrator, astable, 74 

N 

Nano. 2 
Negative, 6 

Neon flasher circuit, 39 
Neon lamp, 71 

0 

Ohm, 1 

Ohm's law, 10 
Op amps, 95 
Oscillator, 90 
Oscillator, colpitts, 127 
Oscillator, Hartley, 127 
Oscillator, 1 MHz crystal, 128 
Oscillator, resonant circuit, 130 
Oscillator, Wien-bridge, 129 
Oscillator-mixer, 156 
Oscillators, 124 
Oscillators, bridge, 129 
Oscillators, crystal-controlled, 127 
Oscillators, phase-shift, 128 
Oscillators, practical LC 126 
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Oscillators, resonant-frequency, 124 
Output stage, radio, 154 

P 

Pegboard assembly. 141 
Pegboard construction, 139 
Phase, 180 degrees out of, 49 
Phase angle, 8 
Phase difference, 8 
Phosphor, 159 
Photodiodes, 81 
Phototransistor, 82 
Photovoltaic cell, 83 
Photovoltiac diode, 82 
Photovoltiac potential, 83 
Pica, 2 

Picture frequency, 161 
Pinboard construction, 137 
Polarity, 116 
Positive, 6 

Potentiometer, linear, 26 

Potentiometer, log, 26 

Power, 14 

Power factor, 19 

Power rating, 15, 23 

Power supplies, 181 

Power supplies, high-voltage. 185 

Primary winding, 54 

Printed circuits, 143 

Printed circuits, soldering, 147 

PROM. 100 


Q 

Q-factor, 48 

R 

Radio broadcasts, 149 
Radiometer, 84 

Radio receiver, basic stages of a, 132 
RAM, 100 
Raster, 160 
Reactance, 1, 18 
Reactance, capacitive, 42 
Rectifier, 85 
Rectifier action. 65 
Rectifiers, selenium, 85 
Regulation circuit, simple, 194 
Relaxation oscillator, 40 
Resistance, 5, 21 
Resistance, high-input, 69 
Resistance, negative, 80 
Resistor, bleeder, 187 
Resistor, carbon, 24 
Resistor, carbon-film, 24 
Resistor, metai-film, 24 
Resistor, metal-glaze, 25 
Resistor, metal-oxide film, 25 
Resistor, variable, 26 
Resistor, wire-wound. 25 
Resistors, 21 

Resistors, circuit rules for, 28 
Resistors, in parallel, 12 
Resistors in series, 12 
Resonant frequency, 49, 51 
Rms, 8 
ROM, 100 
RTL, 97 


S 

Saturation point, 88 
Screen grid, 90 
Secondary emission, 90 
Secondary winding, 54 
Selectivity, 157 
Semiconductors, 59 
Sensistors. 86 
Shunt circuits, 15 
Silicon, 59 

Skeleton assembly, 138 
Solar cells, 83 

Solderless breadboards, 140 
Source, 68 

Superhet receivers, 155 

Supressor grid. 91 

Symbols, electronic component, 3 

T 

Television, 159 

Tetrodes, 89-90 

Thermistors, 86 

Time constant, 37 

Time graph, 91 

Tone generator, 74 

Transformer, efficiency of a, 55 

Transformer, 54 

Transistor characteristics, 105 

Transistor circuits, basic, 65 

Transistor construction, 66 

Transistor input characteristics, 106 

Transistor output characteristics, 108 

Transistors, 60 

Transistors, current flow through bipolar, 136 

Transistors, field-effect, 2, 68 

Transistors, germanium, 67, 110 

Transistors, guide to selecting, 112 

Transistors, identifying, 113 

Transistors, npn, 61 

Transistors, pnp, 61 

Transistors, silicon, 67, 111 

Transistor transfer characteristics, 107 

Triodes, 89 

TTL. 97 

Tubes, vacuum, 88 
Tuned circuits, 50, 150 

V 

Variable-voltage supplies, 192 
Voltage, 1 

Voltage dividers. 190 
Voltage-dropper circuit, 13 
Voltage multipliers, 191 
Voltage output, 188 
Voltage rating, 23 
Voltage-regulator circuit, 103 
Voltages, bias, 190 
Voltage stabilization 189 
Voltage supplies, variable, 192 
Voltmeter, 10 


W 

Watt, 1, 14 
Waveform, 91 
Wavelength, 149 
Wien-bridge oscillator. 129 


198 




